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PRIORITY 

This application claims priority under 35 U.S.C. §1 19(e) to U.S Provisional Application 
Nos. 60/312,147, filed August 14, 2001; 60/346,382, filed November 1, 2001; and 60/333,347, 
filed November 26, 200L The contents of each ^plication are incorporated herin in their 
entirety. 

SEQUENCE LISTING 

The present qyplicadon includes a Sequence Listing submitted h^^ewith on four identical 
CD-ROM disks pursuant to 37 CJF JL §l.S3(e). The infoIma^lion on eadi CI>-ROM is identical. 
Submitted are the following four CD-ROM disks: ''Copy 1 - Sequence listing part^ (disk 1), 
"^Copy 2 - Sequmce listing parf ' (disk 2), and ''Copy 3 - Sequence listing part^ (disk 3), and 
"CRP* (disk 4). The following information is identical for each CD-ROM submittedrMachine 
Format: IBM-PC; Operating System: MS-Windows; Files Contained: 
Fonnal_sequence_listing.txt Size: 46,682,797 bytes; Date of Creation: August 13, 2002, The 
' information on each CD-ROM is incorporated herem by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Pain is a statendependent sensory experience which can be rq)resented by a constellation 
of distinct types of pain including chronic pain, neuropathic pain, inflammatory pain, and 
physiological paiiL Current therapy is, however, either relatively ineffective or accompanies by 
substantial side effects (Sindrup and Jensen, 1999 Pain 83: 389). All of the primary forms of 
pain then^y have been discovered wither empirically throu^ folk medicine, or serendipitously. 
These forms of treatment include opiates, non-steroidal anti-inflammatory drugs (NSAIDS), 
local anesthetics, anticonvulsants, and tricyclic antidepressants (TCAs). 

Recently there has been a great deal of progress in understanding the mechanisms that 
produce pain (McCleskey and Gold, 1999, Annu. Rev, Physiol. 61: 835; Woolf and Salter, 2000, 
Science 288: 1765; Mogil et al., 2000, Annu. Rev. Neurosci. 23: 777). It is increasingly clear 
that multiple mechanisms operating at different sites, and with different temporal profiles, are 
involved. In coiisequdicey there is a need in the art for a shift in pain management fit>m 
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identify and treat the mechanisms pieseat in a given patient ^ wooit ana Mamuon, xsw, 
Lancet 353: 1959; Woolf and Decostenl, 1999, Pain 82: 1). Accordingly, there is aneed in 
the art for techniques which enable the identification of tfie genes responsible for these 
mechanisnis. 

The present invention, in an effort to meet such a need, provides a pliirality of genes 
which are differentially (depressed in animals which have been subjected to pain. The present 
invration provides advantages over existing measurements of differential expression in that 
the invention provides lower thresholds of differential expression* The present invention thus 
enconq>asses a much larg^ number of g^es which show differential expression, and 
therefore provides a much improved method for identifying a larger number of genes whose 
expression may be direcUy related to tiie mechanisms which underlie pairt 

SUMMARY OF THE INVENTION 

The present invention provides a composition comprising two or morc isolated 
polyniicleotides, wherein each of said two or more isolated polynucleoitdes is selected from 
the polynucleotides of Tables 1 or 2 or a sequence which hybridizes under high stringracy 
conditions thereto, and wherein at least one of said two or more isolated polynucleotides is 
unique to Table 2, or a sequence which hybridizes under high stringency conditions thereto. 

The invention also provides a composition comprising two or moro isolated 
polynucleotides, wherein each of said two or more isolated polynucleotides is selected fipom 
die groiq> consisting o£ a polynucleotide conq>rising any of the polynucleotides specified in 
Table 1 or 2 in the columns designated "rat gene" and "human gene", and wherein at least one 
of said two or more isolated polynucleotides is unique to Table 2 in the columns designated 
**iaX gene** and ^uman gme^; a polynucleotide encoding an amino acid sequence selected 
fiom the groiq) consisting of: amino add sequences which are homologue to any of the amino 
add ^lecified in Table 2 in the cohmms designated "rat protein" and "human protdn" by at 
least the homology as q)ecified for the respective sequence in Table 2 in the column 
designated "%homology" and encodes a polypeptide exhibiting the biological fimction as 
specified for the respective sequence m Table 2 in the column designated "identifier"; and the 
amino add specified in Table 2 in tiie columns designated "rat protein" and "human protein"; 
a polynucleotide which hybridizes und^ hig^ stringency conditions to a polynucleotide 
q)ecified in (a) to (b) and encodes a polypeptide exhibiting the biological function as 
q>ecified for &e respective sequence in Table 2 in the column designated "identifier"; a 
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polynucleotide the nucleic acid sequence or which deviates mom me nucleic acia sequences 
specified in (a) to (c) due to the degeneration of the gqnetic code and encodes a polypq>tide 
exhibiting the biological function as specified for tibe respective sequence in Table 2 in the 
column designated "idmtifi^; and a polynucleotide vAdch represents a fragment, derivative 
or allelic variation of a nucleic acid sequence specified in (a) to (d) and encodes a polypq>tide 
exhibiting fiie biological function as specified fi)r flie respective sequence in Table 2 in the 
column designated "identifier". 

The invention further provides polypeptide sequences, indicated by Accession no* in 
Table 2, which are encoded by the polynucleotide sequences shown in Tables 2 which are 
difT^^tially expressed by at least 1 .2 fold across at least three replicate screens of neuronal 
tissue obtained from an animal subjected to pain relative to an animal not subjected to the 
same pain, witti a P-value of less than 0.05. 

The invmtion fiizther provides human polyp^tide sequences, indicated by Accession 
no. in Table 2, which are encoded by the human polynucleotide sequences shown in Tables 2 
which are differentially expressed by at least 1 .2 fold across at least three rqiUcate screens of 
neuronal tissue obtained fiom an animal subjected to pain relative to an animal not subjected 
to the same pain, witih a P-value of less flian 0.05. 

The invention further provides polypeptide sequences, indicated by Accession no. in 
Tables 2 or 3, which are encoded by the polynucleotide sequences shown in Tables 2 or 3 
which are differentially expressed by at least 1.4 fold in an animal subjected to pain relative 
to an animal not subj ected to the same pain. 

The invention fiirther provides human polyp^tide sequences, mdicated by Accession 
no. in Tables 2 or 3, wHoh are encoded by Ifae human polynucleotide sequences shown in 
Tables 2 or 3 which are differentially expressed by at least 1 .4 fi>ld in an animal subj ected to 
pain relative to an animal not subjected to the same pain. 

The invention further provides human polynucleotide seqences, indicated by 
Accession no. in Table 2 or 3 which are differentially expressed by greater than 1.4 fold in an 
animal subjected to pain relative to an animal not subjected to pain and polypeptide 
sequences encoded thereby. Prefiarably, the animal is a human. 

The invention fiirther provides human polynucleotide sequences, indicated by 
Accession no. in Table 2, which are differentially expressed by at least 1 .2 fold across at least 
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fliiee replicate sciems of neuronal tissue obtained fiom an ammai suoj eciea to pain reianve lo 
an animal not subjected to the same pain, wifli a p-value of less than 0.05. 

Table 1 of die present invention includes polynucleotide sequences which have been 
examined using the methods described herein, and have been previously individually 
described in the art as being regulated in animal models of pain. Not all ofUxc 
polynucleotides shown in Table 1, however, are "differentially expressed" according to the 
present invration. The invwtion is based, in part, xxpon the discovery that certain 
polynucleotides shown in Table 1 are differentially expressed in nerve tissue. Those 
polynucleotides indicated as having a Fold change of +/- 1 .4 or greater are differentially 
expressed 

Table 2 and 3 of the present invention include polynucleotide sequences which have 
not been previously described in die art as being regulated in animal pain models and ^^ch 
have been analyzed in at least Ihree rqilicate screws of neuronal tissue fiom animals 
subjected to pain, and have attained a statistical significance of p<0.05. Table2and3, 
however, also include one or more of the sequence indicated in Table 1. Accordingly, the 
phrase ^Wque to Table refers to a sequence ^ch is indicated in Table x, and is not 
indicated in Table 1. Therefore, the invention also is based, in part, upon the discovery diat 
polynucleotides (listed m Tables 2 and 3) are differentially expressed in nerve tissue obtained 
fiom an animal subjected to pain relative to an animal not subjected to the same pain. This 
discovery is demonstrated in wrve injury models of pain: e.g., spared nerve injury, axotomy, 
chronic constriction, and nerve ligation, and inflammation pain models. Each of tables 2 and 
3 represents a polynucletoide sequence which is identified herien as being differentially 
expressed in an animal subjected to pain by at least 1.4 fold relative to the expression of the 
same sequence in an aiiinialwMch has not heed subjected to the same pain. Table2 
represents sequences which have been analyzed in at least three replicate assays of 
differential expression and are differentially expressed by at least 1 A fold in an animal 
subj ected to pam relative to an animal not subj ected to pain, and have a statistical 
significance of P<O.OS. Thus, each of the polynucleotides shown in Tables 2 or 3 is 
differentially expressed in an animal subjected to pain according to the present invention^ 

Table 4 and 5 of the present invention include polynucleotide sequences which have 
not been previously desoibed in the art as being regulated in an animal pain model, and 
which have been identified herein as bemg differentially expressed in an animal subjected to 
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inflammatory pain by at least 1.4 fold. All of the sequences m Tabl^ ^TandT are identified 
herein as bdng differentially expressed, and a number of the polynucleotides indicated in 
Tables 4 and 5 have also been included in Table 2, as having attained a statistical significance 
of p<O.OS in three replicate analyses of gene expression. 

Accordingly, the present invention provides a composition comprisiag 
polynucleotides which are differentially expressed by at least +/- 1.2 fold in at least three 
replicate assays of nerve tissue obtained fix)m a nerve injury or inflammation paia model, 
with a p-value of less than O.OS, wha:ein each of the polynucleotides is selected fix>m the 
polynucletoides listed in Tables 1 or 2, and \)^erem at least one of the polynucleotides is 
selected fix>m tiie polynucleotides listed in Table 2. 

In one embodiment, each of tiie two or more isolated polynucleotides is differentially 
expressed by at least 1 A fold in tiie nerve tissue of an animal subjected to pain relative to the 
animal not subj ected to tiie pain, and alternatively, arc differentially expressed by at least 1 .4 
fold across three replicate assays of expression in nerve tissue obtained 6om a nerve iqury 
pain model with a p-value of less than 0.05. 

In an alternate embodiment, each of the two or more isolated polynucleotides is 
differentially expressed by at least 2 fold in the neurons of an animal subjected to pain 
relative to the animal not subjected to the pain. 

In one enibodimCTt, the n^rve tissue is tiie sensory neurons of flie dorsal root 
ganglion, or dorsal horn of the spinal cord. 

The invention also provides a plurality of vectors each conqnising an isolated 
polynucleotide, whorem each of the isolated polynucleotides is selected firom Table 1, 2, 3, 4, 
or 5, or a sequmce which hybridizes under hi^ stringency conditions thereto, and \^erein at 
least one of tiie isolated polynucleotides is unique to Table 2, 3, 4, or 5, or a sequence which 
hybridizes under high stringency conditions thereto. 

The invention further provides a plurality of viral vectors each conq)rising an isolated 
polynucleotide, wherein each of the isolated polynucleotides is selected fixmi Table 1, 2, 3, 4, 
or 5, or a sequence which hybridizes under hig^ stringency conditions thereto, and ^tdierein at 
least one of the isolated polynucleotides is unique to Table 2, 3, 4, or 5 or a sequence wiuch 
hybridizes under hi^ strin^^ conditions thereto. 
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The invnetion further provides a plurality of vectors eacn compnsmg an isoiaiea 
polynucleotide, wherein each of said two or more isolated polynucleotides is selected fiom 
the group consistmg of: (a) a polynucleotide comprising any of the polynucleotides specified 
in Table 1-2 in tfie columns designated "lat g^e" and "human gene", and wherein at least one 
of said two or more isolated polynucleotides is unique to Table 2 in the columns designated 
**Tdit gene" and 'liuman gene"; (b) a polynucleotide encoding an amino add sequence selected 
fix>m the groiQ) consisting of: (i) amino acid sequences which are homologue to any of the 
amino add specified in Table 2 in the columns designated "rat protein" and "human protein" 
by at least the homology as specified for the respective sequence in Table 2 in the column 
designated "%homology" and encodes a polypeptide exhibiting the biological fimction as 
specified for Ifae respective sequence in Table 2 in the column designated "identifier"; (ii) the 
amino add specified in Table 2 in the columns designated "rat protein" and "human protein"; 
(c) a polynucleotide which hybridizes under hig^ stringency conditions to a polynucleotide 
specified in (a) to (b) and encodes a polypeptide exhibiting the biological fimction as 
specified for the respective sequence in Table 2 in &e colmxm designated "identifier"; (d) a 
polynucleotide the nucldc acid sequence or which deviates fix>m the nucldc acid sequences 
specified in (a) to (c) due to the degeneration of the genetic code and encodes a polypeptide 
exhibiting the biological fimction as specified for the respective sequence in Table 2 in the 
column designated "identifier"; (e) a polynucleotide which rq)resents a fi:agment, derivative 
or allelic variation of a nucldc add sequence specified in (a) to (d) and encodes a polypq>tide 
exhibiting the biological fimction as specified for die respective sequence in Table 2 in the 
column designated "identifier". 

In one embodiment, the vectors described above aro contained within ahost ceD. 

The invention finlfaer provides a method finr identifying a nucleotide sequence which 
is difTerentiaUy regulated in an animal subjected to pain, con^^ hybridizing a nucldc 
add san^le corresponding to KNA obtained fiom the annual to at least three replicates of a 
nucldc add sample comprising one or more nucldc add molecules of known identity; 
measuring the hybridization of the nucldc acid sample to the one or more nucldc add 
molecules of known identity for eadi of the r^licates, wherein a 1.2 fold dififermce in the 
hybridization, and a p-value of less than 0.05 across the at least three rqplicates, of the nucldc 
add sanq>le to the one or more nucldc add molecules of known identity relative to a nucldc 
add sample obtained fiiom an animal which has not been subjected to the pain is indicative of 
the difTerential expression of the nucleotide sequence in the animal subjected to pain. 
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The present inventioii also provides a method for laenniymg a nucieonue sequence 
which is differ^ally regulated in an animal subj ected to pain, conq)rising: hybridizmg a 
nucleic add saaq>le corresponding to RNA obtained fix>m the animal to a nucleic add sample 
comprismg one or more nucldc add molecules of known identity; measuring tiie 
hybridization of the nucldc acid sample to ttie one or more nucldc add molecules of known 
identity, i^erdn a 1.4 fold di£ference in the hybridization of the nucldc acid sample to tiie 
one or more nucldc add molecules of known identity relative to a nucldc add sanq>le 
obtained fiom an animal wiAcli has not been subj ected to the pain is indicative of the 
differential expression of tiie nucleotide sequence in the animal subj ected to paiit 

The invention fiirther provides a method for identifying a nucleotide sequence ^bich 
is differentially regulated in an animal subjected to pain, comprising: hybridizing a nucldc 
acid sample corresponding to RNA obtained fiom the animal to at least three replicates of an 
array comprismg a solid substrate and one or more nucldc add molecules of known identity; 
wherdn eadi nucldc add member has a unique position and is stably associated witii the 
solid substrate; and measuring the hybridization of the nucldc add sanq>le to the at least 
three replicates of the array, wherein a 12 fold difference in the hybridization, and a p-value 
of less tiian 0.05 across the at least three repUcates, of the nucldc add sample to the one or 
more nucleic add molecules of known identity comprising the array relative to a nucleic add 
sample obtained fiom an animal which has not been subjected to the pain is indicative of the 
differential expression of the nucleotide sequence in the animal subjected to pain. 

The invention still fortiier provides a method for identifying a nucleotide sequence 
whidi is differentially regulated in an animal subj ected to pain, conqirising: hybridizing a 
nucldc add sanqile corressponding to RNA obtained fiom an animal which has been 
subjected to pain to an array conqxrismg a solid substrate and a plurality of nucldc add 
monbers; wherein each nucldc add mraiber has a unique position and is stably assodaled 
with the solid substrate; and measuring the hybridization of the nucldc add sample to the 
array, wherein a 1.4 fold difference in the hybridization of the nucldc add sample to one or 
more nucldc add members conqnising the array relative to a nucldc acid sample obtained 
fiom an animal which has not been subjected to tiie pain is indicative of the differential 
expression of the nucleotide sequence in the animal subjected to pain. 



In one embodiment, any of the preceeding methods for identifying a nucleotide 
sequace which is differentially regulated in an animal subjected to pain may fitrther 
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coxxq>ris6 the stq> of verii^g the differeatial esqpression ot me nucieotiae sequeace oy a 
molecular procedure selected fiom the groiq> consisting of Northern analysis, in situ 
h)'bridization, and PGR. 

The invention provides a method for id^tifying a nucleotide sequence ^^ch is 
dififerentially regulated in an animal subjected to pain, comprising: hybridizing a nucleic acid 
sanq>le coiresponding to RNA obtained fiom an animal which has been subjected to pain to 
an array comprising a soUd substrate and a plurality of nucleic add monber^ ^rfierein each 
nucleic add member has a unique position and is stably associated with tibie soUd substrate; 
measuring tiie hybridization of the nucldc add sample to the array, wherein a 1.4 fold 
difGeience in the hybridization of the nucldc add sample to one or more nucldc add 
members conqpiising the army relative to a nucldc acid sanqple obtained fix>m an animal 
which has not been subj ected to the pain is indicative of the dififerential eqiression of the 
nucleotide sequence in tiie animal subj ected to pain; and verifying tiie differential e3q)ression 
of the nucleotide sequence by a molecular procedure selected fiom the group consisting of 
Northern analysis, in situ hybridization, and PGR. 

In one embodiment, a 1.4 fi>ld change in the hybridization of the nucldc add sample 
to one or more nucldc add members comprising the array relative to a nucldc add sample 
obtained fiom an animal whidi has not been subj ected to tibe p ain is indicative of the 
differential esqiression of the nucleotide sequence following pain. 

In a further embodiment, a 2 fold change in the hybridization of the nucldc add 
sample to one or more nucldc add members comprising the array relative to a nucldc add 
sample obtained fi:om an animal which has not been subjected to the pain is indicative of the 
differential expression of the nucleotide sequence following pain. 

In one embodiment, the nucldc add sample is labeled with a detectable label prior to 
the hybridization to tiie array. 

in a fariker onbodiment, tiie above methods for identifiymg a nucleic acid seuqence 
which is diffemitially r^;ulated in an animal subjected to pain finlh^ conqmses the step of 
isolating the nucldc add sample fixnn the animaL 



In one embodiment, nucldc add sample is cRNA. 
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The present inveation also provides an array compn^g: a plurality oi polynucleotide 
members, wherein each of the polynucleotide members is selected &om Table 1, 2, 3, 4, or 5 
and wherein at least one of the isolated polynucleotides is unique to Table 2, 3, 4, or 5; and a 
solid substrate, herein each polynucleotide member has a unique position on the array and 
is stably associated witti the solid substrate. Such an airay will be referred to herein as a 
'^ain spedfic array*'. 

The invention still furdier provides an array comprising: a plurality of polynucleotide 
members, wherein each of the polynucleotide manbers is selected fiom Table 1, 2, 3, 4, or 5, 
and wherein at least one of the isolated polynucleotides is unique to Table 2, 3, 4, or 5 and 
wherein the plurality of polynucleotide members are obtained fiom neuronal tissue obtained 
fiom at least two different species of animal; and a sofid substrate, wherein each 
polynucleotide member obtained fiom each of the two different species has a unique position 
on the array and is stably assodated with the solid substrate. Such an array will be referred to 
herein as a'^pain specific array". 

The invention also comprises an array comprising: (a) a plurality of polymicleotide 
members, wherein each of said plurality of polynucleotides is selected fix)m the groi^ 
consisting of: (i) a polynucleotide comprising any of the polynucleotides specified in Table 1- 
2 in the cohmms designated '*rat g^e" and liuman gene", and wherein at least one of said 
two or more isolated polynucleotides is unique to Table 2 in the columns designated 
gene" and "human gene"; 0i) a polynucleotide encoding an amino add sequence selected 
fiom file group consis t in g o£ (1 ) amino add sequmces which are homologue to any of the 
amino add specified in Table 2 in fiie columns designated "rat protein" and "human protein" 
by at least the homology as specified for the respective sequence in Table 2 in tiie column 
designated "%homology'* and encodes a polypqptide exhibiting the biological fimction as 
^edfied for the respective sequence in Table 2 in the colunm designated "identifier"; (2) the 
amino add specified in Table 2 in fiie columns designated "rat protein" and "human protein"; 
(iu) a polynucleotide vAddi hybridizes under higji stringency conditions to a polynucleotide 
specified in (i) to (ii) and encodes a polypeptide exhibiting the biological function as 
spedfied for the respective sequence in Table 2 in the colunm designated "identifier"; (iv) a 
polynucleotide the nucldc add sequence or which deviates fiom the nucldc acid sequences 
spedfied in (i) to (iii) due to the degeneration of the genetic code and encodes a polypeptide 
exhibiting the biological fimction as spedfied for the respective sequence in Table 2 in tiie 
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column designated "identifier"; (v) a polynucleotide which fq)resenS aTfiS^en^aivative 
or allelic variation of anucleic acid sequence specified in (i) to (iv) and encodes a 
polypeptide exhibiting the biological function as spedfied for the respective sequence in 
Table 2 in the colunm designated "identifier"; and (b) a solid substrate, wherein each 
polynucleotide member has a unique position on said array and is stably associated with said 
solid substrate. 

In one embodiment, the plurality of polynucleotide members is differentially 
expressed by at least 1.2 fold across at least three replicate assays of expression in neuronal 
tissue of an animal subjected to pain with ap-value of less than 0.05 relative to an aninaal not 
subjected to the pain. 

Jn one embodiment, ttie plurality of polynucleotide membeis is dijOferootially 
expressed by at least 1 .4 fold in the neurons of flie animal subjected to pain relative to an 
animal iiot subjected to &e paiiL 

Jn a fiirOier embodiment, ttie anay comprises fixim 10 to 20,000 polynucleotide 
members. 

In one embodiment, the array fiulher comprises negative and positive control 
sequences and quality control sequences selected fix)m the groiq) consisting of cDNA 
sequences encoded by housekeq>ing genes, plant gene sequences, bacterial sequences, PGR 
products and vector sequmces. 

The invration fiirther provides a meOiod of identifying an agent that increases or 
decreases the expression of a polynucleotide sequence that is differratially expressed in 
neuronal tissue of a first animal which is subjected to pain coiiq)rising: administering the 
agent to the first animal; hybridizing nucleic acid isolated fix>m one or more sensory neurons 
of file first and a second animal to a pain specific array; and measuring the hybridization of 
the nucleic acid isolated Aom the neuronal tissue of the first and second animal to tiie array; 
wherein an increase in hybridization of the nucleic add fit>m tiie first animal to one or more 
nucleic add members of the array relative to hybridization of the nucleic acid &om a second 
aninud which is subj ected to pain but to wMdi is not administered tiie agent to one or more 
nucldc add mmibers of the array identifies tibe agent as increasing the expression of the 
polynucleotide sequmce, and i^diearetn a decrease in hybridization of the nucldc add Scorn the 
first animal to one or more nucldc add members of the array relative to the hybridization of 
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the nucleic acid fiom second animal to one or more nucleic acid memb^i^onbe airay 
identifies Hxe agent as decreasing the expression of the polynucleotide sequence. 

In one embodiment, the preceeding method further comprises the step of verifying the 
increase or decrease in the hybridization by a molecular procedure selected fix>m flie group 
consisting of Northern analysis, in situ hybridization, and PGR. 

In one embodiment, the nucleic acid sanotple isolated fixmi tiie first and second animal 
is labeled with a detectable label prior to the hybridization to the array. 

In a finttia: embodiment, the nucleic acid saDq>le isolated fit>m the first animal is 
labeled with a different detectable label than ttie nucleic add sample isolated fix>m the second 
animal. 

The invention also provides a m^od for identifying a coiiqx>und which regulates the 
e^qyression of a polynucleotide sequence which is differentially esqxressed 
subjected to pain, coniprising: (a) providing a cell comprising and capable of expressing one 
or more of tfie polynucleotide selected fiom the gjx)xsp consisting of: (i) a polynucleotide 
comprising any of fiie polynucleotides specified in Table 1>2 in the columns designated "rat 
gene" and "human gene", and wherein at least one of said two or more isolated 
polynucleotides is unique to Table 2 in the columns designated gene*' and *liuman gene"; 
(ii) a polynucleotide mcoding an amino acid sequence selected fix>m the groiq> consisting of: 
(1) amino add sequCTces wfaidi are homologue to any of the amino add specified in Table 2 
in the columns designated "rat protein" and **human protein" by at least the homology as 
specified for the respective sequence in Table 2 in the column designated "%homology** and 
encodes a polypeptide exhibiting the biological fimction as specified for the respective 
sequence in Table 2 in the column designated "identifier"; (2) the amino add specified in 
Table 2 in the colirams designated "rat protein" and '•human protein"; (iii) a polynucleotide 
which hybridizes under hi^ stringency conditions to a polynucleotide specified in (i) to (ii) 
and encodes a polypeptide exhibiting the biological fimction as specified for the respective 
sequence in Table 2 in the column designated "identifier"; (iv) a polynucleotide the nucldc 
add sequaice or which deviates fix>m the nucldc add sequences specified in (i) to (iii) due to 
the degeneration of the genetic code and encodes a polypeptide exhibiting the biological 
function as specified for the respective sequence in Table 2 in the column designated 
"identifier"; (v) a polynucleotide which rq)resents a firagment, derivative or allelic variation 
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of a nucleic acid sequoice specified in (i) to (iv) and mcbdes a polypeptide exbibiting tbe 
biological function as specified for flie respective sequence in Table 2 in the cohmm 
designated "identifier"; (b) contacting said cell with a candidate conq>ound; and (c) 
measuring the expression of said one or more of die polynucleotide specified siqnra, wherein 
if the repression of said dififerentially expressed polynucleotide sequence is increased in an 
animal which is subjected to pain, then said candidate modulator will be consid^^ to 
regulate the expression of said polynucleotide if tiie expression of said polynucleotide is 
decreased by at least 1 0% in the presence of said candidate modulator, and wherein if the 
expression of said differentially expressed polynucleotide sequence is decreased in an animal 
subjected to pain, then said candidate modulator will be considered to regulate the expression 
of said polynucleotide if the expression of said polynucleotide is increased by at least 10% in 
the pres0Qce of said candidate modulator. 

The invention also provides a method for identifymg a compound which regulates tiie 
e}q>ression of a polynucleotide sequence which is differentially e^qiressed in an animal 
subjected to pain, conq>ri^g: providing a cell conq)iising and enable of expressing one or 
more of the polynucleotide sequences shown in Tables 1, 2, 3, 4, or S; contacting tiie cell 
with a candidate compound; and measuring the expression of the one or more of the 
polynucleotide sequences shown in Tables 1, 2, 3, 4, or 5, wherdn an increase or decrease in 
the expression of the one or more of the polynucleotide sequences shown in Table 1, 2, 3, 4, 
or 5 of at least 10% is indicative of regulation of the differentially expressed polynucleotide 
sequence. 

The invention still fiirtiier provides a method for identifying a conipound which 
regulates the activity of one or more of the polypeptides shown in Table 1, 2, 3, 4, or 5, or the 
activity of a polypq>tide encoded by a polynucleotide sequence indicated in Table 1, 2, 3, 4, 
or 5 comprising: providing a cell comprising the one or more polypeptides; contacting die 
cell witii a candidate conqK>und; and measuring the activity of the one or more polypq)tides, 
wherein an increase or decrease of the activity of the one or more polypeptides of at least 
10% relative to the activity of the one or more polypeptides in the cell, \^erein the cell is not 
contacted with the candidate compound, identifies the candidate compound as a conq>ound 
\i^ch regulates the activity of the one or more polypeptides. 

In one embodiment, the candidate conq>ound is selected fit>m the groiqp consisting of 
small molecule, protein, RNAi, and antisense. 
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In a further embodiment, the candidate compomia'is an anUDoay wmcn Dmas to me 
polypeptide. 

The invnetion also provides a method for producing a pharmaceutical formulation 
comprising: providing a cell comprising the one or more polypq)tides; selecting a compound 
which regulates the activity of the one or more polypeptides; and mixing the conq>ound with 
a carrier. 

In one embodiment, the stqp of selecting comprises the steps of contacting the cell 
with a candidate compoimd; and measuring the activity of the one or more polypeptides, 
wherein an increase or decrease of the activity of the one or more polypq>tides of at least 
10% relative to the activity of the one or more polypeptides in the cell, wherein the cell is not 
contacted with the candidate compound, identifies the candidate conq)ound as a compound 
which regulates the activity of the one or more polypeptides. 

The invention also provides a method for producing a pharmaceutical formulation 
conq)rising: (a) providing a cell comprising said one or more polypq)tides encoded by a 
polynucleotide selected 6am the groiq> consisting of: (i) a polynucleotide comprising any of 
the polynucleotides specified in Table 1-2 in tiie coliunns designated "rat gene" and "human 
gene", and wherein at least one of said two or more isolated polynucleotides is unique to 
Table 2 ia the columns designated **rat gene" and *liuman gene**; (ii) a polynucleotide 
encoding an amino acid sequence selected fiom the group consisting of: (1) amino acid 
sequences which are homologue to any of the amino add specified in Table 2 in the cohmms 
designated "rat protem" and "human protein" by at least the homology as specified for the 
respective sequence in Table 2 in the column designated "%homology" and encodes a 
polypeptide exhibiting the biological fimction as specified for the respective sequence in 
Table 2 in the column designated "identifier"; (2) the amino acid specified in Table 2 in the 
columns designated "rat protein" and "human protein"; (iii) a polynucleotide winch 
hybridizes under tngfi stringency conditions to a polynucleotide specified in (i) to (ii) and 
encodes a polypq>tide exhibiting the biological fimction as specified for the respective 
sequence in Table 2 in the column designated "identifier"; (pr) a polynucleotide the nucleic 
add sequence or vMcix deviates fixmi the nucldc add sequmces specified in (i) to (iii) due to 
the deg^eration of the ^etic code and encodes a polypeptide exhibiting the biological 
fimction as qiecified for the respective sequence in Table 2 in the column designated 
"identifi^; (v) a polynucleotide which represents a fragment, derivative or allelic variation 
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of a nucleic acid sequence specified in (i) to (iv) and enccki^ a polypeptide exdiDiting me 
biological function as specified for the respective sequence in Table 2 in the colunm 
designated "identifier"; (b) selecting a compound which regulates the activity of said one or 
more polypq>tides; and (c) mixing said compound with a carrier. 

Jn one embodiment, the step of selecting conq)rises the steps of contacting said cell 
with a candidate compound; and measuring the activity of said one or more polypeptides, 
wherein an increase or decrease of the activity of said one or more polypeptides of at least 
1 0% relative to the activity of said one or more polyp eptides in said cell, wherein the cell is 
not contacted with the candidate coaq>ound, identifies said candidate conq>ound as a 
compound which regulates the activity of said one or more polypeptides 

The invention also provides a method for identifying a compound which regulates the 
activity, in an animal, of one or more of the polypeptides shown in Table 1, 2, 3, 4, or 5, or a 
polypq>tide encoded by one or more polynucleotide sequence indicated in Table 1, 2, 3, 4, or 
S comprising: administering a candidate compound to an animal comprising the one or more 
polypeptides; and measuring the activity of the one or more polypeptides wherein an increase 
or decrease of the activity of the polypq)tide of at least 10% relative to the activity of the one 
or more polypeptides in an animal to which the candidate conqx>und is not administered, 
identifies the candidate conq>ound as a coinpound which regulates the activity of the one or 
more polypeptides. 

Preferably, the candidate conq>ound is selected fix>m the gjcoxsp consisting of small 
molecule, protein, RNAi, and antisense. 

In one embodiment, the candidate contpound is an antibody whidi binds to the 
polypeptide. 

The invnention still fiirther provides a method for identifying a small molecule which 
regulates the activity of one or more of the polypeptides indicated m Table 1, 2, 3, 4, or 5, or 
a polypeptide encoded by one or more polynucleotides indicated in Table 1, 2, 3, 4, or S 
comprising: providing a cell comprising the one or more polyp^tides; g^erating a small 
molecule library, providing a candidate small molecule, selected 6om the library; contacting 
the cell with the candidate small molecule; and measuring the activity of the one or more 
polypeptides, wherein an increase or decrease of the activity of the one or more polypeptides 
of at least 10% relative to the activity of the one or more polypeptides in the cell, wherein the 
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cell is not contacted with the candidate small molecule, idei£(me^ttie~ca2i(tt(faie smim ' 
molecule as a small molecule which regulates the activity of the one or more polypeptides. 

Preferably, the small molecule library conq)rises components selected firom the group 
consisting of heterocyclics, aromatics, alicyclics, aliphatics, steroids, antibiotics, enzyme 
inhibitors, ligands, hormones, alkaloids, opioids, teipenes, porphyrins, toxins, and catalysts, 
and conobinations thQ:eof 

The invention also relates to a method for identifying a small molecule which 
regulates the activity of one or more of the polypeptides indicated m Table 2, comprising: (a) 
providing a cell comprising said one or more polypeptides encoded by a polynucleotide 
selected fiom the groiq> consisting of: (i) a polynucleotide con^iising any of the 
polynucleotides specified in Table 1-2 in the columns designated "rat g^e** and ''human 
gene", and wherein at least one of said two or more isolated polynucleotides is unique 
toTable 2 m the columns designated "rat gene" and *1iimian gene"; (ii) a polynucleotide 
encoding an amino add sequence selected firom the groiq> consisting of: (1) amino acid 
sequences which are homologue to any of the amino acid specified in Table 2 in the columns 
designated "rat protein" and "human protein" by at least the homology as specified for the 
respective sequence in Table 2 in the column designated "%homology" and encodes a 
polypeptide exhibiting the biological fimction as q>ecified for the respective sequence m 
Table 2 in the column designated "identifier" ; (2) the amino add specified in Table 2 m the 
columns designated "rat protdn" and "human protein"; (iii) a polynucleotide which 
hybridizes under Ugh stringency conditions to a polynucleotide specified m to (ii) and 
mcodes a polypeptide exhibiting tiie biological fimction as specified for the respective 
sequence in Table 2 m tiie column designated "identifier"; (iv) a polynucleotide the nucldc 
add sequence or vffbkii deviates &om the nucldc add sequences specified in (i) to (iii) due to 
Ifae degeneration of the genetic code and encodes a polypq)tide exhibiting tiie biological 
fimction as specified for the respective sequence in Table 2 in the column designated 
"identifio:"; (v) a polynucleotide which represoats a firagment, doivative or allelic variation 
of a nucldc add sequence specified in (i) to (iv) and encodes a polypeptide exhibiting the 
biological fimction as specified for the respective sequence in Table 2 in the column 
designated "identifier"; (b) generating a smaU molecule library; (c) providing a candidate 
small molecule, selected fix)m said library; (d) contacting said cell with said candidate small 
molecule; and (e) measuring the activity of said one or more polypeptides, wherein an 
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increase or decrease of the activity of said one or more poiypepaaes oi at least luyo remave 
to the activity of said one or more polypeptides in said cell, wherein the cell is not contacted 
with the candidate small molecule, identifies said candidate small molecule as a small 
molecule which regulates the activity of said one or more polypeptides. 

The invention further relates to a method for identifying a coixq>ound useful in the 
treatment of pain, comprising: providing a host cell comprising a vector comprising one or 
more of the polynucleotides identified in Table 1, 2, 3, 4, or 5; maintaining the host cell under 
conditions which permit the expression of the one or more polynucleotides; selecting a 
conqpound which regulates the activity of a polypeptide encoded by the one or more 
polynucleotides; administering the coirq)ound to an animal subjected to pain; and measuring 
the level of pain in the animal, wherein a decrease in the level of pain in the flnitnal of at least 
10%, identifies the conq)oimd as being usefiil for treating paiit 

In one embodiment, the step of selecting includes the steps of contacting the cell with 
a candidate conq>ound; and measuring the activity of the polypeptide encoded by the one or 
more polynucleotides, wherein an increase or decrease of the activity of the polypeptide of at 
least 10% relative to the activity of flie polypeptide in the cell, wherein the cell is not 
contacted with the candidate compound, identifies the candidate compound as a compound 
which regulates tiie activity of the polypeptide. 

Hie invention further provides a method fi)r identifying a compound useful in the 
treatment of pain, conoprising: (a) providing a host cell comprising a vector comprising one 
or more of the polynucleotides selected fiom the groiq> consisting of: (i) a polynucleotide 
comprising any of the polynucleotides specified in Table 1-2 in the columns designated "rat 
gene" and "human gene", and wherein at least one of said two or more isolated 
polynucleotides is unique to Table 2 in the columns designated '"rat gene** and *liuinan gene*'; 
(ii) a polynucleotide encoding an amino acid sequence selected from the groiq> consisting of: 
(1) amino acid sequences which are homologue to any of the amino acid specified in Table 2 
in the columns designated "rat protein" and "human protein" by at least the homology as 
specified for the respective sequence m Table 2 in the column designated "%homology" and 
encodes a polypeptide exhibiting the biological fimction as specified for the respective 
sequence in Table 2 in tiie cohmm designated Identifier"; (2) the ammo add specified in 
Table 2 in flie columns designated '•rat protein" and "human protein"; (iii) a polynucleotide 
which hybridizes under high stringmcy conditions to a polynucleotide specified in (i) to (ii) 
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and encodes a polypeptide exhibiting the biological functfon"as specmea fBrOie respective " 
sequence in Table 2 in the colunm designated "identifier"; (iv) a polynucleotide the nucleic 
acid sequence or which deviates fix>m the nucleic add sequences specified in (i) to (iii) due to 
Ifae degmeration of ttie genetic code and encodes a polypeptide exhibiting the biological 
function as specified for the respective sequence in Table 2 in the colmnn designated 
"identifier"; (v) a polynucleotide which represents a firagmen^ derivative or allelic variation 
of a nucleic acid sequence specified in (i) to (iv) and encodes a polypeptide exhibiting the 
biological fimction as specified for the respective sequraice in Table 2 in Ifae colunm 
designated "identifier"; (b) maintaining said host cell under conditions whidi permit tiie 
expression of said one or more polynucleotides; (c) selecting a conopound yAndti regulates the 
activity of a polypq)tide encoded by said one or more polynucleotides; (d) administering said 
compound to an animal subjected to pain; and (e) measuring the level of pain in said animal, 
wherein a decrease in the level of pain in said animal of at least 10%, identifies said 
compound as being usefiil for treating pain* 

hi one embodiment, the step of selecting includes the steps of contactmg said cell 
with a candidate compound; and measuring the activity of the polypeptide mcoded by said 
one or more polynucleotides, i^erem an increase or decrease of the activity of said 
polypeptide of at least 10% relative to ttie activity of said polypq>tide in said cell, wherein 
the cell is not contacted with the candidate conq>ound, identifies said candidate conq)Ound as 
a compound which regulates the activity of said polypeptide. 

The invention also provides a method of treating pain in an animal conqnising 
administering to the animal an antisense polynucleotide enable of inhibiting the expression 
of one or more of the polynucleotide sequences indicated in Table 1, 2, 3, 4, or 5. 

The invention fiirth^ provides a method of treating pain in an animal comprising 
administering to the animal a double stranded SNA molecule herein one of the strands of 
the double stranded SKA molecule is identical to a portion of an mSNA transcript obtained 
fiom one or more of the polynucleotide sequences indicated m Table 1, 2, 3, 4, or 5. 

The invention still furtiier provides a melhod of treating pain in an animal in need 
thereof, conqmsing: administering to the animal a ther^eutically effective amount of an 
agent which modulates the activity of one or more of the polypeptides indicated in Table 1, 2, 
3, 4, or S, or a polypq)tide encoded by one or more of the polynucleotides indicated in Table 
1,2, 3, 4, or 5. 
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The inv^on also provides a method of treating pam«m (oysa^xm^'&e^^i^^ 
conqmsing: administering a tiier^eutically effective amount of an antibody vtdiich binds to 
one or more of the polypeptides indicated in Table 1, 2, 3, 4, or 5, or apolypq)tide encoded 
by one or more of the polynucleotides indicated in Table 1, 2, 3, 4, or 5. 

The invaition stiU further provides a method of treating pain in an animal in need 
thereof, cominising: administering a therq)euticaUy effective amount of one or more of flie 
polypeptides indicated in Table 1, ^ 3, 4, or 5, or a polypq)tide encoded by one or more of 
the polynucleotides indicateid in Table 1, 2, 3, 4, or 5. 

The invention also provides aVhannaceutical formulation conq)rising one or more 
polypeptides indicated in Table 1, 2, 3, 4, or 5, or a polypeptide encoded by one or more of 
the polynucleotides indicated in Table 1, 2, 3, 4, or 5, and a canier. 

The invention also provides a pbaimaceutical formulation conpisiog one or more 
antibodies which bind to one or more of the polypeptides indicated in Table 1, 2, 3, 4, or 5, or 
a polypq)tide encoded by one or more of the polynucleotides indicated in Table 1, 2, 3, 4, or 
5, and a carrier. 

The invoition furdier relates to the use o£ (a) a polynucleotide selected fiom &e 
groi^ consisting of: © a polynucleotide canqmsing any of liie polynucleotides ^edfied in 
Table 1-2 in the columns designated "rat gene" and "human gene", and herein at least one 
of said two or more isolated polynucleotides is unique to Table 2 in (he oofamms designated 
"rat gene" and "human gene"; (ii) a polynucleotide encoding an amino add sequence selected 
fiom tiie groi^ consisting ot (1) amino add sequences which are homologue to any of the 
anrino add i^ified in Table 2 in the columns designated "rat protein" and "human protein" 
by at least the homology as specified fi»r flie respective sequence in Table 2 in the column 
designated "%hamology" and encodes a polypq)tide exhibiting flie biological function as 
specified fi>r (he respective sequence m Table 2 in the column designated "identifier"; (2) (he 
amino add specified m Table 2 in the columns designated "rat protein" and '%uman protein"; 
Qii) a polynucleotide which hybridizes under high stringency conditions to a polynucleotide 
specified in (a) to (b) and encodes a polypq)tide exhibiting die biological fimction as 
specified for (he respective sequence in Table 2 in die cohmm designated "identifier"; (iV) a 
polynucleotide the nucldc add sequence or which deviates fiom the nucldc add sequences 
specified in (a) to (c) due to flie degeneration of the genetic code and encodes a polypeptide 
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exhibiting the biological function as specified for tiie respective seqdence in Table 2 in the 
columa designated "identifier"; (v) a polynucleotide ^ch represents a fiagment, derivative 
or allelic variation of a nucleic add sequeace specified in (a) to (d) and encodes a polypeptide 
exhibiting the biological fimction as specified for tiie respective sequence in Table 2 in tiie 
colunm designated "identifier"; (vi) a polypeptide encoded by any of the polynucleotides 
specified in (0 to (v); in the ptepaiation of a medicammt for the treatment of pain in an 
animal. 

The present invention still further relates to the use of a conq>ound which can 
modulate the activity of a polypeptide which is encoded by a polynucleotide selected fit>m 
tiie gfovp consisting of: (a) a polynucleotide conoprising any of the polynucleotides specified 
in Table 1-2 in tiie columns designated "rat gene" and "human gene", and wherein at least one 
of said two or more isolated polynucleotides is unique to Table 2 in the columns designated 
"rat gene" and "human gqne"; (b) a polynucleotide encoding an amino add sequence selected 
fix)m the groiq> consisting of: (i) amino add sequences which are homolo gue to any of flie 
amino add specified in Table 2 in the columns designated "rat protein" and "human protein" 
by at least tiie homology as specified fi>r the respective sequence in Table 2 in tiie column 
designated "%homology" and encodes a polypeptide exhibiting tiie biological function as 
specified for tiie respective sequence in Table 2 in the column designated "identifiar**; (ii) the 
amino acid specified in Table 2 in the columns designated "rat protein" and "human proteia"; 
(c) a polynucleotide which hybridizes under higji stringency conditions to a polynucleotide 
specified in (a) to (b) and oicodes a polypq)tide exhibiting the biological function as 
specified for the respective sequence in Table 2 in the column designated "identifier"; (d) a 
polynucleotide the nucldc add sequence or which deviates fiom the nucldc add sequences 
specified in (a) to (c) due to the degeneration of the g^etic code and encodes a polypq)tide 
exhibiting the biological fimction as specified for the re^ective sequence in Table 2 in the 
colmnn designated "identifier"; (e) a polynucleotide which r^iesents a firagment, derivative 
or allelic variation of a nucldc acid sequence specified in (a) to (d) and encodes a polypq)tide 
exhibiting the biological function as specified for the respective sequence in Table 2 in the 
column designated "identifier"; in the prq)aration of a medicament for the treatment of pain 
inananimaL 

The present invention provies a pharmaceutical formulation comprising one or more 
polypeptides encoded by a polynucleotide selected 6om tiie group consisting of: (a) a 
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polynucleotide compiising any of the polynucleotides specified*m Table T-Tm thecolunms 
designated "rat gene** and "human gene", and wherein at least one of said two or more 
isolated polynucleotides is unique to Table 2 in the columns designated "rat gene" and 
"human gene"; (b) a polynucleotide encoding an amino acid sequence selected fiom the 
group consisting of: (i) amino add sequences which are homologue to any of the amino add 
specified in Table 2 m the columns designated "rat protem" and "human protein" by at least 
the homology as specified for the respective sequence in Table 2 in the column designated 
"%homology" and encodes a polypeptide eschibiting the biological function as specified for 
the respective sequence in Table 2 in the cohmm designated "identifier"; (ii) tiie amino add 
specified in Table 2 in the colunms designated "rat protdn" and "human protein"; (c) a 
polynucleotide which hybridizes under high stringency conditions to a polynucleotide 
specified in (a) to (b) and encodes a polypeptide exhibiting the biological fimction as 
specified for the respective sequence in Table 2 in the column designated "identifier"; (d) a 
polynucleotide the nucldc add sequence or which deviates fcom the nucldc add sequences 
specified in (a) to (c) due to the degeneration of the genetic code and encodes a polypeptide 
exhibiting the biological fimction as specified for the respective sequence in Table 2 in the 
column designated "identifier"; (e) a polynucleotide vAnch represents a firagment, derivative 
or allelic variation of a nucldc add sequence specified in (a) to (d) and encodes a polypeptide 
exhibiting the biological fimction as specified for the re^ective sequence in Table 2 in the 
column designated "identifier"; and a carrier. 

The invention still finlfaer provides a pharmaceutical formulation conq)rising one or 
more antibodies which bind to one or more of the polypeptides ^coded by a polynucleotide 
selected &om the gjcoup consisting of: (a) a polynucleotide comprising any of the 
polynucleotides specified in Table 1-2 in the columns designated "rat gene" and ''human 
gene", and wherein at least one of said two or more isolated polynucleotides is unique to 
Table 2 in the columns designated "rat gene" and 'liuman gene"; (b) a polynucleotide 
encoding an amino add sequence selected fiom the group consisting of: (i) amino add 
sequences which are homologue to any of tiie amino acid specified in Table 2 in the columns 
designated "rat protein" and '*human protdn" by at least the homology as ^edfied for the 
respective sequence in Table 2 in the cohmm designated "%homology" and encodes a 
polypqitide exhibiting the biological fimction as specified for the respective sequence in 
Table 2 in the column designated "idmtifier"; ^i) tiie ammo add specified in Table 2 in the 
columns designated "rat protdn" and "human protein"; (c) a polynucleotide which hybridizes 
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under high stringency conditions to a polynucleotide specified m (a) to (b) and encodes.a 
polypeptide exhibiting the biological function as specified for the respective sequmce m 
Table 2 in the cohmm designated "identifier"; (d) a polynucleotide the nucleic add sequence 
or which deviates fix>m tiie nucleic add sequences specified in (a) to (c) due to tbie 
degeneration of the gmetic code and encodes a polypeptide ^chibiting the biological fimction 
as specified for the respective sequmce m Table 2 in the colunm designated "idoitifier"; (e) a 
polynucleotide which represents a firagment, derivative or allelic variation of a nucldc add 
sequence specified in (a) to (d) and encodes a polypq)tide exhibiting the biological fimction 
as specified for the respective sequence in Table 2 in the column designated "identifier"; and 
a carrier. 

According to tiie invention^ a sequence differentially expressed under pain conditions 
must be differentially exptessed in the neurons of an animal subj ected to nerve injury, or 
inflammatoiy pain, thp difiTerential expression in an animal subjected to neive injury pain is 
determined, according to the invention, in one or all of the following nave injmy pain 
models. A sequence which is difEerentially expressed according to the invention is a 
sequence yAsich is differentially expressed in (1) an axotomy pain model, (2) a spared nerve 
injury pain model, (3) chronic constriction pain model, (4) spinal segmental nerve lesion pain 
model, or (5) an inflammation pain model, or may be differentially expressed in all five pain 
models. 

As used herem differential eiqyression of a sequence in nerve tissue is determined in 
dther a ^erve injury pain moder or a ^Inflammation pain model'', or botL Therearefour 
alternate nerve injury pain models by which differential expression can be determined 
according to flie covention: axotomy, spared nerve iigury (SNI), spinal segmental nerve 
lesion, and chronic constriction. 

As used h€^efai, an •'axotomy pain moder refers to a situation in 
plurality of peripheral nerve fibeis is severed, dther by traumatic irgury or experimental or 
surgical manipulation. An '^axotomy pam model" may finlher refer to an experimental model 
in which all of the axons of a given population of nerve cells are conq>letely severed. For 
example, an ""axotomy pain model" usefiil in the present invention may be a model in vAAdx 
all ofthe axons tiiatconqnise the sdatic nerve are surgically cut. All of tiie nerve cells in the 
dorsal root ganglion which gave rise to tiie axons of the sdatic nerve are thus sdd to be 
""axotomized". 
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As used herein, a **spared nerve injuiy pain model'' refers to'a situation in wtaicli one 
of the terminal blanches of the sciatic nerve is spared from axotomy (Decosterd and Woolj^ 
2000 Pain 87: 149). The SNI procedure comprises an axotomy and ligation of the tibial and 
common peronial nerves leaving the sural nerve intact 

As used herein, a ''spinal segmental nerve lesion" and ^'chronic constriction" refer to 
two types of ''neuropathic pain models" useful in the present invention. Both models are well 
known to those of skill in the art (See, for example Kim and Qiung» 1992 Pain 50: 355; and 
Bennett, 1993 Muscle Nerve 16: 1040 for a description of the ^segmental nerve lesion" and 
^'chronic constriction" respectively). A "segmental nerve lesion" and/or ^'chronic 
constriction" neuropathic pain model may be evaluated for the presence of ^ain" using any 
of the behavioral, electrophysiological, and/or neuiochenucal criteria described below. 

As used herein, an "inflammatory pain model" refers to a situation in which an animal 
is subjected to pain, as defined herdn, by the induction of peripheral tissue inflammation 
(Stein et aL, (1988) Pharmacol Biochem Behav3l: 445-451; Woolf et aL, (1994) Neurosci, 
62, 327-331). The inflammation can be produced by injection of an irritant such as conq>lete 
Freunds adjuvant (CTA), carrageenan, tuipratine, croton oil, and the like into the skin, 
subcutaneously, into a muscle, into ajoint, or into a visceral orgaiL In addition, an 
^inflammatory pain model" can be produced by the administration of cytokines or 
inflammatory mediators such as lippqpolysoccharide (LPS), or nerve growtii &ctor (NGF) 
\^dbi can mimic the effects of inflammation. An 'inflammatory pain model" can be 
evaluated for the presence of "pain" using behavioral, electrophysiological, and/or 
neurochemical criteria as described below. 

A polynucleotide is thus differentially expressed herein if it is differentially expressed 
in any or all of the axotomy, SNI, chronic constriction, segmental nerve lesion and 
inflammatory pain models. 

As used herein, "nerve tissue" refers to animal tissue comprising nerve cells, the 
neuropil, glia, neural inflammatory cells, and endothelial cells in contact with "nerve tissue". 
"Nerve cells" may be any type of nerve cell known to those of skill in the art including, but 
not linuted to motor neurons, sensory neurons, entmc neurons, sympathetic neurons, 
parasympathetic neurcms, association neurons, and central nervous system neurons. "Glial 
cells" useful in the present invention include, but are not limited to astrocytes, schwan cells. 
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and oligodendrocytes. ^'Neural inflflmmflth iy cells'' iisefiii in me present mvennon mciuncj 
but are not limited to microglia Preferably, ^'nerve tissue** as used herein refers to nerve cells 
obtained fiom the dorsal root ganglion, or dorsal horn of fiie spinal cord. 

As used herein, ^sensory neuron** refers to any sensory neuron in an animal. A 
^sensory neuron" can be a peripheral sensory neuron, central sensory neuron, or enteric 
sensory neuron. A '^sensory neuron*' includes all parts of a neuron including, but not limited 
to the cell body, axon, and dendrite(s). A ''sensory neuron** refers to a neuron which receives 
and transmits mformation (encoded by a combination of action potentials, neurotransmitters 
and neuropeptides) relating to sensory ir^ut, including, but not limited to pain, heat, touch, 
cold, pressure, vibration, etc* Examg)les of "sensory neurons" include, but are not limited to 
dorsal root ganglion neurons, dorsal horn neurons of the spinal cord, autonomic neurons, 
trigeminal ganglion neurons, and the like. 

As used herein, ""animal" lefers to a organism classified wifliin the phylogenetic 
kmgdomAnimalia. As used herein, an ""animal" also refers to a mammal. Animals, useful in 
the preset invention, include, but are not limited to mammals, marsiq)ials, mice, dogs, cats, 
cows, humans, deer, horses, sheep, livestock, and the like. 

As used herein, ""subjected" refers to a state of being in v^ch an animal is 
experiencing pain, wherein whether or not the animal is experiencing pain is determined 
using the behavioral, electrophysiological, and/or neurochemical criteria described above. As 
used herein, ""subj ected" does not refer to the past experience of pain only, but can also 
include the present experience of pain. 

As used herein, ""polynucleotide" refers to a polymeric form of nucleotides of 2 iq) to 
1,000 bases in length, or even more, eith^ ribonucleotides or deoxyribonucleotides or a 
modified form of either type of nucleotide. The term includes single and double stranded 
forms of DNA. The tenn is synonymous with ""oligonucleotide". Polynucleotides of the 
invention include those indicated by accession number in Tables 1, 2, 3, 4, or 5, or a portion 
thereof 

As used herein, ""polypq)tide" refers to any kind of polypq)tide such as peptides, 
human proteins, fiagments of human proteins, proteins or fiagments of protems fiom non- 
human sources, engineered versions proteins or fiagments of proteins, enzymes, antigens, 
drugs, molecules involved in cell signalling, such as receptor molecules, antibodies, including 
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polypeptides of the iimnunoglobulin si^erfamily, such as antibody po5pepfides~ofT-<5ell 
receptor polypeptides. Preferably^ a ^^lypeptide** useful according to the invention is 
indicated by accession nuniber in Tables 1,2, 3, 4, or 5. Also included, are a jGragment, 
domain, or epitope of one or more of the polypeptides indicated in Tables 2, 3, 4, or 5 
provided that the jBragment, domain, or epitope maintains the same function as the protein 
indicated in Table 2, 3, 4, or 5, wherein the function of the polypeptide is known to those of 
skill in the art Also included, are a fragment, domain, or qpitope of one or more of the 
polypeptides indicated in Tables 2 or 3 provided that the fiagmen^ domain, or epitope 
maintains the same function as the protem indicated in Table 2 or 3 , under the colnmn 
heading •identifier^, "descrq)tion'' or **protein type" 

As used herein, die teem •Vector^ refers to a nucleic add molecule capable of 
tranq)orting another nucldc add to which it has been linked. One type of vector is a 
••plasmid", vMoh refers to a drcular double stranded nucldc acid loop into vMdi additional 
nucldc add segments can be ligated. Anothertypeofvectorisa'Sdral vector^, wherein • 
additionid nucldc add segmmts can be ligated into the viral genome. Certain vectors are 
capable of autonomous replication in a host cell into whidi &ey are introduced (e.g., bacterial 

vectors having a bacterial origin of iqilication and epi58mna1 Tnammalian v^n^^). Other 
vectors (e.g., non-q)ison[ial mammalian vectors) are integrated into the genome of a host cell 
upon introduction into die host cell, and thereby are rq)licated along with the host genome. 
Moreover, certain vectors are capable of directing the e3q)ression of genes to \\^cb they are 
operatively linked. Such vectors are referred to herein as "expression vectors". In general, 
expression vectors of utility in recombinant nucldc add techniques are often in the fonn of 
plasmids. hi the present specification, **plasmid** and * Vector* * can be used interchangeably 
as the plasmid is the most commonly used form of vector. However, the iavention is 
intended to include such odier fonns of expression vectors, such as viral vectors (e.g., 
replication defective rdroviruses, adenoviruses and adeno-associated viruses), which serve 
equivalent fimctions. 

As used herein, the term "hybridizing" or "hybridization" refCTs to the hydrogen 
binding with a conqilementary nucldc add, via an interaction between for example, a target 
nucldc acid sequence and a nucldc add member in an array. 



Typically, selective hybridization occurs when two nucldc add sequences are 
substantially complementary (at least about 65% conq>lementary over a stretch of at least 14 
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to 25 nucleotides, preferably at least about 75%, more prereraoiy at least aoom yuyo 
coiiq)leineiitary). See Kanehisa, M., 1984, Nucleic Adds Res. 12: 203, incorporated herein 
byreference. As a resdt, it is expected that a certain degree of nusmatc^ is tole^^ Such 
mismatch may be small, such as a mono-, di- or tri-nucleotide. Alternatively, a region of 
mismatch may encompass loops, which are defined as regions in which fliere exists a 
mismatch in an unintemqited series of four or more nucleotides. 

Numerous &ctors influence the efficiency and selectivity of hybridization of two 
nucleic acids, for example a nucleic add member to a target nuddc acid sequence. These 
&ctors include nucldc acid member lengdi, nucleotide sequence and/or compositian, 
hybridization temperature^ buffer composition and potential for stoic hindrance in the region 
to whidi the nucldc add member is required to hybridize. 

A positive correlation exists betwem the nucldc acid member lengdi and both the 
efficiency and accuracy with which a nucldc add member will anneal to a target sequence. 
In particular, longer sequences have a hi^er melting tenq>aature (Tm) than do shorter ones, 
and are less likely to be repeated within a given target sequence, thereby Tnim'TniTing 
promiscuous hybridization. Hybridization temperature varies inversely with nucldc add 
member amiealing effidency, as does the concentration of organic solvoits, e.g., formamide, 
that might be included in ahybridization mixture, while increases in salt concentration 
fiicilitate binding. Under stringent annealing conditions, longer nucldc acids, hybridize mor^ 
effidently than do shorter ones»wUch are suffidentutider more petinisdveconditic^ As 
hexoia used, the term **standani stringent conditions'' means hybridization will occur only if 
there is at least 95% and preferably at least 97% identity betwe» the sequences, wherdn the 
region of identity conq>rises at least 10 nucleotides. In one embodiment, the sequences 
hybridize under stringent conditions following incubation of the sequences ovemigjit at 42^C, 
followed by stringent washes (0.2X SSC at 65** Q. As several fectors aflFect the stringency of 
hybridization, the combination of parameters is more important than the absolute measure of 
a single factor. 

As defined herein, an "array" refers a plurality of unique nucldc adds attached to one 
surfiice of a solid siqjport at adensity exceeding 20 different nucleic adds/cm^ wherein each 
of the nucldc adds is attadied to the sur&ce of the solid siq>port in a non-identical 
preselected region. In one embodiment, the nucldc acid attached to the surface of the solid 
sqyport is DNA In a preferred embodiment, the nucldc add attached to the sur£ice of the 
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solid siqiport is cDNA. In another pieferred embodiment tfiS nucleic aciST aE{achecl1E> Ihe ~ 
sur&ce of fhe solid support is cDNA synthesized by polymerase chain reaction (PGR). 
Preferably, a nucleic acid comprising an array, according to the invention, is at least 20 
nucleotides in length. Preferably, a nucldic add compiismg an array is less tiian 6,000 
nucleotides in lengOi. More preferably, a nucleic add comprising an array is less than 500 
nucleotides in length. In one embodiment, flie array conqnises at least 500 different nucldc 
adds attached to one sur&ceofthe solid support In another embodiment, the array 
comprises at least 10 differrat nucldc adds attached to one surface of the soHdsu^ In 
yet another embodiment, the array conopcises at least 10,000 different nucldc adds attached 
to one sur&ce of the solid support The term "Nucldc acid", as used herein, is 
interchangeable iivith the term '^lynucleotide''. 

As used herdx^'^plurality^ refers to more than two. Plurality, according to the 
invention, can be3 or more, 100 or more, or 1000 or more. 

As used herdn, ^^attaching" or "^spotting" refers to a process of depositing a nucldc 
add onto a solid substrate to form a nucldc add array sudi that the nucldc add is 
irreversibly bound to tibie solid substrate via covalent bonds, hydrogen bonds or ionic 
interactions. 

As used herein, ^^stably assodated'' refers to a nucleic add that is irreversibly bound 
to a solid substrate to form an array via covalent bonds, hydrogen bonds or ionic interactions 
such that ttie nucldc add retains its unique preselected position relative to aU other nucldc 
acids that are stably assodated with an array, or to all other preselected regions on the solid 
substrate under conditions wherdn an array is analyzed (i.e., hybridization and scanning). 

As used herein, "solid substrate'' or "solid s^pporf ' refers to a material having a rigid 
or semi-ri^d surface. The terms "substrate" and "supporf are used interchangeable herein 
witii the terms "solid substrate" and "solid siq)port". The solid support may be biological, 
non-biological, organic, inorganic, or a combination of any of these, existing as particles, 
strands, precipitates, gels, sheets, tubing, spheres, containers, c^illaries, pads, slices, films, 
plates, slides, eto. Often, the substrate is a silicon or glass sur&ce, (poly)tetrafluoroethylene, 
(poly)vinylidendifhioride, polystyrene, polycarbonate, a charged membrane, such as nylon 66 
or nitrocellulose, or combinations thereof. In a preferred embodiment, the solid siqiport is 
glass. Preferably, at least one sur£iceofthe substrate will be substantially flat Preferably, 
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the suT&ce of the solid support will contain reactive groups, mciuomg, oui not nnuiea lo, 
caifooxyl, amino, hydroxyl, thiol, or the like. In one embodiment, flie sui&ce is optically 
transparent 

As used herein, ''preselected region", **prcdej5ned region", or **umque position** refers 
to a localized area on a substrate which is, was, or is intended to be used for the deposit of a 
nucleic acid and is otherwise referred to herein in the alternative as a "selected region" or 
simply a •'region." The preselected region may have any convenient shq>e, e.g., circular, 
rectangular, elliptical, wedge-shq>ed, etc. In some embodiments, a preselected region is 
smaller than about 1 on^ more prefiarably less than 1 mm^, still more preferably less than 0.5 
mm^ and in some embodiments about 0.125 to 0.5 mm^. 

As used herein, "^unique to Table X", where '"X" is one or more of 2, 3, 4, or 5, refers 
to a polynucleotide or polypq)tide sequence which is indicated in Table X, but is not 
indicated in Table 1. 

As used herein, the term *level of expression" refers to tiie measurable expression 
level of a given nucleic add. The level of expression of a nucleic acid is determined by 
mefliods well known in the art The term "differentially expressed" or "differential 
expression" refers to an increase or decrease in the measurable e3q)ression level of a given 
nucleic acid. As used hereio, "differentially e3q)ressed" or "differential expression" means 
the difference in the level of e3q>ression of a nucleic acid is at least 1,4-fold or more in two 
samples used for comparison, both of wbidi are compared to the same normal standard 
sample. 'Differentially expressed" or "differential expression" according to the invention 
also means a 1.4-fold, or more, up to and including 2-fold, 5-fold, 10-fold, 20-fold, 50-fold or 
more difference in the level of expression of a nucleic acid in two samples used for 
comparisoiL A nucleic add is also said to be "differentially expressed" in two samples if one 
of the two samples contains no detectable expression of a given nucldc add, provided fliat 
the detectably expressed nucldc add is expressed at +/- at least 1.4 fold Differential 
expression of a nucleic add sequence is "inhibited" the difference m the level of expression 
of the nucldc add m two or more samples used for comparison is altered such that it is no 
longer at least a 1.4 fold differoice. Absolute quantification of the level of eoqiression of a 
nucldc add may be acconq>lished by mcluding a known concentration(s) of one or more 
control nucldc add spedes, genoatmg a standard curve based on the amount of the control 
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nucleic acid and extt^lating the expiession level of the'^^mknoivn" nucleic add species 
fDom the hybridization intensities of the unknown with respect to the standard curve. 

Alternatively, "differential expression", according to the invention, refOT to a 1 .2 fold 
increase or decrease in die level of expression of a nucleic add in an animal subjected to pain 
compared to the level of expression in an animal not subjected to the same pain, combined 
with a statistical significance of pO.OS in at least duree rq)licate assays of gene expression. 
Calculation of a statistically significant 12 fold threshold in the increase or decrease in the 
difierence of expression of anucldc add, when conq>ared to anormal standard sample is 
based on a statistical analysis of triplicate array data pomts usmg, for example, a student's t- 
test 'Differential e)q>ression'' of a polynucleotide sequence, as used herem, is established if 
the expression of a sequence measured in several ^es of animal pain model, such as nerve 
injury models or an inflammation model, is increased or decreased by at least 12 fold in at 
least one of the pain models, and if the differential eiqpression is found to be significant 
across diree replicate analyses of differential expression in an animal pain model. 
Alternatively, a differentially expressed polynucleotide may be differentially eaqpressed in 
several aniTtial pain models. 

The "level of egression" is measured by hybridization analysis using labeled target 
nucldc adds according to methods well known in the art (see, for example, Ausubel et aL, 
Short Protocols in Molecular Bioloev, 3^ Ed. 1995, John Wiley and Sons, Inc.). The label on 
die tai;^ nucldc add is a luminescent label, an enzymatic label, aradioactive label, a 
chemical label or a physical label. Preferably, the tar^ nucldc adds are labeled with a 
fluorescent molecule. Preferred fluorescent labels include fluorescein, anoino coumarin acetic 
add, t^iameth^riiodamine isothiocyanate CTRITC), Texas Red, Cy3 and CyS. 

As used herdn, ''differential expresston" vfbm measured using microairay 
hybridizaticm as described herdn, can be detennined using one or more of three alternate 
measuremmts: (1) The hybridization intensity can be measured by comparing the level of 
hybridization of nucldc acid samples obtained fit>m a naive animal to the level of 
hybridization of nucldc add samples fiom an animal subjected to any of the pain models 
described herdn. This measurement is termed the 'Mntmsityratio''. (2) Alternatively, a 
method of measuring ''differential expression" is to utilize die " Af^etrix ratio" which is 
obtained by analyzing the hybridization levels obtained from nucldc add sanq)les obtained . 
fix>m a naive animal and those obtained &om nucldc add samples obtained fiom an animal 
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subjected to any of tiie pain models described herein, usiig tfie'koitware proviaea witn me 
Affymetrix Microarray software suite (Afi^etrix, Santa Clara, CA). The Affymetrix ratio 
can be determined by following tiie protocols included with the Affymetrix brand software 
and microarray analysis equipment Whether measured using the intensity ratio or the 
Affymetrix ratio, a nucleic add molecule of the present invention is difTerentially expressed 
if it demonstrates at least a 1.4 fold change in expression levels in an animal subjected to the 
neuropathic or inflammation pain as described herem relative to an animal not subjected to 
Ihesamepain. (3) Prefisiably, ''differential e^qiression'' is measured in ei& 
modeU or inflammation pain model, or both, at multiple time points after an animal has been 
subjected to pain, '^^ififerentialexpression'' is fiirQier measured in at least Ihr^ 
saniples for each time point, and for multiple pain models (e.g. nerve injury models, an 
inflammation models), sudh that a statisitcal evaluation may be made of the significance of 
the differmdal esqjression. Accordingly, a polynucleotide sequence is ^'difTerentially 
expressed" if it is differentially expressed by at least 12 fold, with a p-value of less than 0.05 
across at least three replicate expression assays. The fold differential expression, wh^ 
paired with die statistical analysis of at least three replicate expression assays, can be 
measured using either of the 'Hntensity ratio" or "affymetrix ratio** described above. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the data fiom a representative Northern analysis performed on target 
nucleic add obtained fiom dorsal root gangUon neurons firom a rat axotomy pain model. 

Figure 2 shows the in situ hybridization of dorsal root ganglion tissue sections with 
labeled oligonucleotide probes specific for SNAP, c-jun, or TikA. 

Figure 3 shows the in situ hybridization of dorsal root ganglion tissue sections with 
labeled oUgpnucleotide probes specific for GTPcylco, lES-JE, CCHL2A, or VGF. 

DETAILED DESCRIPTION 

The presCTt invmtion is based, in part, on the discovery that the polynucleotides listed 
in Tables 1, 2, 3, 4, or 5 are diflferentially expressed by at least +/- 1.4 fold in nerve injury 
and/or inflammation animal pain models. While the polynucleotides listed in Table 1 have 
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been previously suggested to be regulated in pain models, ttie present invention is 
distingui^ed over the prior art in that only polynucleotides which demonstrate at least a +/- 
L4 fold change in expression in a neuropathic and/or inflammation animal pain model are 
considered to be differentially pressed according to Hie invention. The invention further 
provides the polynucleotides listed in Tables 2, 3, 4, or 5 which are differentially expressed 
by at least +/- 1 .4 fold in a nerve injury or inflanmiation animal pain model, but which have 
not previously been suggested to be regulated in animal pain mo^dels (i.e., which are not 
indicate in Table 1). In addition, the invention provides ifae polynucleotides listed in Table 2 
^bich have been identified hmin as bdnd differentially e3q>ressed by at least +/- 1 JZ fold in 
triplicate assays in multiple nerve injury and inflammation pain models, with a p-value of less 
than O.OS. The invention further provides me&ods for identifying nucleic acid sequences 
which are differoitially regulated in animals that have been subjected to pain, wherein 
differratial expression is defined as an increase or decrease of the expression of tiie nucleic 
acid sequence by at least 1.2 fold compared to the same sequence in an ardbtnal which has not 
been subjected to pain, in triplicate assays with a statistical significance of p<O.OS. The 
invention further provides methods for identifying nucleic add sequences which are 
differentially regulated in animals that have been subjected to pain, wherein differential 
e)q)ression is defined as an increase or decrease of die expression of the nucleic acid 
sequence by at least 1.4 fold compared to the same sequence in an animal which has not been 
subjected to pain. The invention further provides methods of constructing arrays CQnq)ris^^ 
isolated nucleic add sequences v^ch are differoitially regulated in pain, and methods of 
screening fi>r potential therapeutic compounds which may alt^r the expression of these 
sequences using the arrays. The invmtion also relates to methods for screwing for candidate 
conqiounds which are capdAo of regulating the esqiression of one or more of tiie 
polynucleotide sequences of Tables 1, 2, 3, 4, or S, or which are cdpsble of regulating the 
activity of one or more of the polypq)tides indicated in Table 1, 2, 3, 4, or 5, or a polypqitide 
encoded by one or more of the polynucleotides indicated in Table 1, 2, 3, 4, or 5, or which are 
csspable of modulating pain in an animal. As described above, animals which have bera 
subjected to pain include animal models of pain, in which the animal has hem artificially 
manipulated to minoic one or more types of pain, including physiological, inflammatory, or 
neuropatiiic pain. Animals subjected to pain also include animals which have experienced 
pain as the result of a traumatic injury, or animals which have experienced physiological, 
inflammatory, or neuropathic pain not induced in the setting of an animal model. 
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Hie present invention relates to polynucleotides which are differentially expressed in 
(a) an animal that is subjected to pain relative to (b) an animal not subj ected to pain. 
According to the invention, the pain to which the animals of (a) and (b) are subjected is the 
same pain, that is, if a polynucleotide is differentially expressed in an axotomy pain model 
then the dififerential expression is relative to the ^qxression of the polynucleotide in an animal 
wbidb is not an axotomy pain model 

As used herein, '^pain" refers to a state-dependent sensory e^qperience graerated by the 
activation of peripheral sensory neurons, the nociceptors. As used herein, ^ain*^ refers to 
several difformt types of pain, including physiological or protective pain, inflammatory pain 
that occurs after tissue damage, and neuropathic pain which occurs after damage to the 
nervous system. Physiological pain is initiated by sensory nociceptor fibers innervating the 
peripheral tissues and activated only by noxious stimuli, and is characterized by a hig^ 
fhre^old to mechanical and fhennal stimuU and rq)id, transient responses to such stimuli. 
Inflammatory and neuropathic pain are characterized by displays of behavior indicating either 
spontaneous pain, measured by qiontaneous fl^on, vocalization, biting^ or even self 
mutilation, or abnormal hypersensitivity to normally innocuous stimuli or to noxious stimuli, 
such as mechanical or flieimal stimuli. Regardless ofthe type ofpain, as used herein '"pain" 
can be measured using behavioral criteria, such as fliermal and mechanical sensitivity, wdgiht 
bearing, visceral hypersCT^tivity, or spontaneous locomotor activity, electrophysiological 
criteria, sudi as in vivo or in vitro recordings fit>m primary sensory neurons and central 
neurons to assess changes in recq)tive field properties^ excitability or syn^tic input, or 
neurochemical criteria, such as changes in the egression or distribution of neurotransmitters, 
n»]ropq>tides and proteins in primary srasory and central neurons, activation of signal 
transduction cascades, ejqnression of transcription &ctors, or phosphorylation of proteins. 

Behavioral criteria used to measure ''pain'' include, but are not limited to mechanical 
allodynia and hyp^gesia, and temperature allodynia and hyperalgesia. Mechanical 
allodynia is gmerally measured using a series of ascending force von Frey monofilaments. 
The filaments are each assigned a force ^ch must be applied longitudinally aax)ss the 
filament to produce a bend, or bow in the filament Thus the applied force which causes an 
animal to withdraw a fimb can be measured (Tal and Bennett, 1994 Pain 57: 375). An 
animal can be said to be experiencing "^pain" if the animal demonstrates a withdrawal reflex 



wo 03/016475 PCT/US02/25765 

32 

in response to a force that is reduced by at least 30% coi^ 

withdrawal reflex in an animal \t^ch is not in "^^^ In one embodiment^ an animal is said 
to be experiencing '*pain''ifthewithdrawd reflex mrespo^ 40%, 
50%, 60%, 70%, 80%, 90% and as mudi as 99% compared to flie force required to elicit a 
similar reflex in a naTve animal* 

Mechanical hypersmsitivity can be measured by flying a sharp object, such as a 
pin, to the skin of an animal with a force sufficient to indent, but not penetrate ttie skin. The 
duration of withdrawal fix)m the sharp stimulus may then be measured, wherem an increase in 
tibe duration of withdrawal is indicative of '^pam" (Decostard et al., 1998 Pain 76: 159). For 
example, an animal can be said to be e3q)aiencmg "^pain" if the wiflidrawal duration 
following a sharp stimulus is increased by at least 2 fold compared with an animal that is not 
experiencmg '^pain'*. lQone^bodimen^ananimalissaidtobeexperiencmg'*pain''ifthe 
wilfadrawal duration is mcreased by 3, 4, 5, 6, 7, 8, 9, and up to 10 fold compared to an 
animal not experiencing "^pain". 

Teiiq)erature allodynia can be measured by placing a drop of acetone onto the skin 
sur&ce of an animal usmg an instrument such as a blunt needle attached to a syringe without 
touching the skin with the needle. The rapid evaporation ofthe acetone cools the skin to 
which it is appUo± The duration ofthe withdrawal response to the cold sensation can then be 
measured (CSioi et aL, 1994 Pain 59: 369). An animal can be said to be in **pain" if the 
witibdrawal duration following acetone application is iixa:eased by at least 2 fold as canq>ared 
to an animal that is not experiencing **pain'\ According to the invention an animal can be 
said to be in ^^pain" if Ae withdrawal duration foUowmg thermal stimulation is increased by 
4, 6, 8, 10, 12, 14, 16, 18, and iq> to 20 fold compared to an animal not e?q)eriencing ^ain". 

Teniperature hyperalgesia can be measured by exposing a portion of the skin sur&ce 
of an animal, sudi as the plantar sur&ce of the foot, to a beam of radiant heat through a 
transparent perspex surfice QIargieaves et aL, 1988 Pain 32:77). The duration of withdrawal 
from the heat stimulus may be measured, wherein an increase in the duration of wiflidrawal is 
indicative of ^^pain". An animal can be said to be e3q)eriencing*'pain''iftfae duration of th^ 
witibidrawal from the heat stimulus increases by at least 2 fold coiqpared with an animal that is 
not experiencing '^pain". Inadditiori,ananimalcanbesaidtobee}q>eriencing^ain'*ifthe 
duration of tiie withdrawal fiomheat stimulus is increased by 3, 4, 5, 6, 7, 8, 9, and up to 10 
fold compared with an ammal fliat is not e>qperiencmg "'pain'*. 
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In addition to the behavioral criteria described above, aoti aniihal ^nbe deemed to be 
experiencing "^ain** by measuring electrophysiological dianges, in vitro or in vivo, in 
primary sensory, or central sensory neurons. Electrophysiological dianges can include 
increased neuronal excitability, changes in receptive field input, or increased sym^tic ixsput 
The technique of measuring cellular physiology is well known to those of skill in flie art (see, 
for example, Hille, 1992 Tnn nhami els of excitaV >lft memh ranes. Sinauer Associates, Inc., 
Sunderland, MA). An increase in neuronal excitability may be identified, for example^ by 
measuring an increase in the number of action potentials per unit time in a givra An 
animal is said to be e3q)eriencing '^ain" if th^ is at least a 2 fold increase in the action 
potentidfiritig rate compared with an animal Ibat is not experiencing "^^^ Inaddition, 
and animal can be said to be e:q)eriencing "^pain" if the action potential firing rate is increased 
by , 3, 4, 5, 6, 7, 8, and up to 10 fold compared to an animal that is not experiencing "^pain". 
An increase in syn2q)tic input to a sensory neuron, either peripheral or central, maybe 
identified, for exanq)le, by measuring the rate of end-plate excitatory potentials (EPSPs) 
recorded in fit)m the neuron. An animal is said to be experiencing **pain" if there is at least a 
2 fold, 3, 4, 5, 6, 7, 8, and iq) to 10 fold increase in the rate of EPSPs recorded fiom a given 
neuron compared to an animal that is not experiencing pain. 

AltCTiatively, neurochemical criteria may be used to detemiine whether or not an 
animal is experiencing "^pain". For example, an animal which has experienced "^ain" will 
display changes in the expression or distribution of neurotransmitters, neuropeptides and 
protem in primary sensory and central neurons, activation of signal transduction cascades, 
expression of transoiption Actors, or pho^horylation of proteins. Gene and protein 
expression, and phosphor^ation of proteins such as transcription &ctors may be measured 
using a number of techniques known to those of skill in the art including but not limited to 
PCEl, Southern analysis, Northern analysis, Western analysis, immunohistochemistry, and the 
like. Examples of signal transduction pathway constituents ^^ch may be activated in an 
animal which is e3q>eriencing pain mchide, but are not limited to ERK, p38, and CREB. 
Examples of genes whidi noay exhibit enhanced expression include immediate early genes 
such as protein kinases such as PKC and PKA Bxanoples of other proteins i^ch may 
be phosphorylated in an animal experiendng pain include recq)tors and ion channels such as 
the NMDA or AMP A receptors. Regardless of^e&ertiie measure is of transcription, 
translation or phosphorylation an animal can be said to be e3q)eriencing "^pain" if one 
measures at least a 2 fold increase or decease in any of these parameters conq)aied to an 
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animal not experiencing paia An animal can be fiirtlier saiiartoTbe expmencing "^ain" it 
there is a 3, 4, 6, 7, 8, and iq) to 1 0 fold increase in the measurement of any of the above 
parameters compared to an animal not e3q)eriencing ^^pain". 

As used herein, **pain" refers to any of the behavioral, electrophysiological, or 
neurochemical criteria described above. In addition, "^pain" can be assessed using 
combinations of diese criteria. 

As used herein, *^ain*' can refer to **pain*' e3q)erienced by an animal as a result of 
accidental trauma (e.g., felling trauma, bum trauma, toxic trauma, etc.), congenital deformity 
or malformation, infection (e.g., inflammatory pain), or other conditions which are not within 
the control of tiie animal exp^encing the **pain" Alternatively, "pain'' may be inflicted onto 
an animal by subj ecting the animal to one or more "pain models". 

The present invention con^)rises polynucleotide sequences that are difiTo-entially 
expressed in nerve injury pain models, including axotomy, SNI» chronic constriction, and 
segmental nearve lesimij as well a58 inflammflrinffi pain mn j<*l!?. It is also within the SCOpe of 
the present invention that the polynucleotides described herein as bemg differentially 
expressed in nerve injury, or neuropathic pain models may be also differentially expressed in 
other pain models known to those of skill in the art 

As used herein, a *^ain moder refers to any manipdation of an animal dutu^ 
the animal experiences "pain'', as ddSned above. "Pain models" can be clasafied as tibose 
that test flie sensitivity of normal animals to intense or noxious stimuh. These tests include 
req»onses to tihrnnal, mechanical, or chemical stimuli. Thermal stunuH is usually hot (42 to 
5 S^Q and includes radiant heat to the tail (the tail flick test) radiant heat to the plantar sur&ce 
of the hind^aw (the Hargreaves test, supra\ the hotplate test, and immersion of the hini^aw 
or tail in hot water. Alternatively, thermal stimuli can be cold stimulus (30° to -10® C), such 
as immersion in cold water, acetone evq>oration or cold plate tests which may be used to test 
cold pain responsiveness using the thresholds discussed above. The end points are latency to 
response and fte duration of the response as well as vocalization and licking the paw, as 
described above. Mechanical Stimuli typically involves measurements of the threshold for 
eliciting a withdrawal reflex of the hindpaw to graded strength monofilament von Frey hairs 
wherein one can measure flie force of the filament required to elicit a reflex. Alternatively, 
mechanical stimuli can be a sustained pressure stimulus to a paw (e.g., the Ugo Basila 
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analgesiometer). The dxuatioxi of response to a standard pin pncic can aiso oe measureu. 
Threshold values for identifying a stimulus that causes ''pain'' to the ammal are described 
above. QiendcalStimuUtypicaUy involves the q>pUcation or injecti 
to the sldiLyinusclejoints or internd organs like the bladder or Irritants can 

include capsaicin^ mustard oil, brad^dnin, ATP, formalin, or acetic add The outcome 
measures include vocalization, liddng the paw, writhing or spontaneous flexion. 

Alternatively, a '"pain modeF can be a test that measures changes in the excitability of 
the peripheral or central components of the pain neural pathway pain sensitization, termed 
''peripheral sensitization" and "central sensitization" Teripheral Sensitization" involves 
changes in tiie threshold and responsiveness of high tiireshold nodceptors which can be 
induced by: repeated heat stimuli, or i^lication or injection of sensitizmg chemicals (e.g. 
prostaglandins, brad^dbain, histamine, serotonin, capsaicin, mustard oil). The outcome 
measures are thermal and mechanical sensitivity in tfie area of plication/stimulation using 
the techniques described above in behaving animals or electn)physiological measurements of 
single sensory fiber recq>tive field p roperties either in vivo or usmg isolated skin nerve 
preparations. "Central sensitization" involves changes in the excitability of neurons in tiie 
central nervous system induced by activity in peripheral pain Sbm. "Central sensitization" 
can be induced by noxious stimuli (e.g., heat) chemical irritants (e.g., injection/application of 
capsaicin/mustard oil or formalin or electrical activation of sensory fibers). The outcome 
measures are: behavioral, electrophysiological, and neurochemical. 

Alternatively, . a "pain model" can refer to those tests that measure the efTect of 
peripheral inflammation on pain sensitivity. The mflammation can be produced by injection 
of an irritant such as conoplete Freunds adjuvant, carrageraan, tutpentme, croton oil etc into 
the skin, siibcutaneously, into a muscle into a joint or into a visceral organ« Production of a 
controUedUV light bum and ischaemia can also be used. Administration of cytokines or 
inflammatory mediators such as lipqpolysaccharide (LPS), or nerve growth fictor (NGF) can 
mimic tiie effects of inflammation. The outcome of these models may also be measured as 
behavioral, electrophysiological, and/or neurochemical changes. 

Furtiier, a "pain model" includes those tests that mimic peripheral neuropathic pain 
using lesions of the peripheral nervous system. Examples of sudi lesions include, but are not 
limited to complete transection of a peripheral ni^e (axotomy; Watson, 1973, J. PhysioL 
231:41), liagation of a spmal segmmtal nerve (Kim and Chung, 1992, Painy 50:355-63), 



wo 03/016475 PCT/US02/25765 

36 

partial nerve injiny (Seltzer, 1979, Pain, 29: 1061), Spared JNerve injury moaei (Uecostem 
and Wool^ 2000, Pain 87:149), chronic constriction injiny (Bennett, 1993 Musde Nerve 16: 
1040), toxic neuropalliies, such as diabetes (strq^tozocin model), pyridoxine neuropafliy, 
taxol, vincristine and other antineoplastic agent-induced neuiopafhies, ischaemia to a n^e, 
peripheral neuritis models (e.g., CPA applied perineurally), models of postheipetic neuralgia 
using HSV mfection. Such neuropathic pain models are also referred to herin as a 'Wve 
injmy pain modeP. The outcome of these neuropathic or nerve injury '^pain models" can be 
measured using behavioral, electrophysiological, and/or neurochemical criteria as described 
above. 

In addition, a "^pain model** refers to those tests that mimic central neuropathic pain 
using lesions ofthe central nervous system. For example, central neurqpatfaic pain may be 
modeled by mechanical compressive ischemic, infective, or chemical injury to the spinal 
cord of an animal. The outcome of such a model is measured using ttie behavioral, 
electrophysiological, and/or neurochemical criteria described above. 

Identification of Nucleic Add Sequences DiflFerentiallv Expressed in Pain 

In one embodiment, the present invention provides isolated nucleic acid sequences 
which are differentially regulated in an animal which has been subjected to neuropathic pain 
relative to an animal not subjected to neuropaftic pain, and a method for identifying such 
sequences. The present inv^tion provides a method for id^tifying a nucleotide sequence 
which is differentially regulated in an animal subjected to pain, comprising: hybridizing a 
nucleic add sample corresponding to RNA obtained firom die animal to a nucldc add sample 
comprising one or more nucldc add molecules of known identit>^ and measuriag the 
hybridization of the nucleic acid sample to the one or more nucldc add molecules of known 
identity, wherein a 1.4 fold difiference in the hybridization of the nucldc acid sample to the 
one or more nucldc add molecules of known identity relative to a nucldc acid saDq>le 
obtained fixxm an animal wfaidi has not been subj ected to the same pain is indicative of the 
differential expression of the nucleotide sequence in an animal subjected to paia 
Alternatively, the invention provides a method for identifymg a nucleotide sequence which is 
differmtially regulated in an animal subjected to pain, comprising: hybridizing at least tinree 
replicates of a nucldc add sample correqxinding to RNA obtained fiom the animal to at least 
three rq)licates of a nucldc add sample conqnising one or more nucldc add molecules of 
known identity and measuring the hybridization of the nucldc add sample to the one or more 
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nucleic acid molecules of known identity for each of sai(treplica!es. A X2 Wd di£^?ence m 
the hybridization, and ap-value of less than 0.05 across the iq>Iicates, of the nucleic add 
san^le to the one or more nucleic acid molecules of known identity relative to a nucleic add 
sample obtained fiom an animal which has not been subjected to pain is indicative of the 
differential esqiression of the nucleotide sequence in the animal subjected to pain 

Generally, the present invention provides a method for identifying nucldc acid 
sequences which are differentially regulated in an animal which has been subjected to pain 
comprising isolating messenger SNA fiom an animal, generating cRNA fiom the mRNA 
saniple, hybridizing tiie cRNA to a microairay comprising a plurality of nucldc add 
molecules stably assodated with discrete locations on the array, and identifying patterns of 
hybridization of the cRNA to flie array. According to the present invention, a nucldc add 
molecule which hybridizes to a given location on Ihe array is said to be diffearentially 
regulated if the hybridization signal is at least 1.4 fi>ld higjier or lower than the hybridization 
signal at the same location on an identical array hybridized with a nucldc acid sanq>le 
obtained fixmi an animal that has not been subjected to pain. Alternatively, at least three 
independent replicate RNA samples are generated and hybridized to at least three tephcato 
arrays, such that statistical significance may be confored to the fold change in expression of a 
sequence in an animal subjected to pain relative to an animal not subj ected to pain, wherim a 
1.2 fold change in e)q>ression and ap-value of less than 0.05 is indicative of differential 
^ression. 

Ntideic Add Sojnples 

Nucldc add sanqples to be examined for differentially regulated sequences may be 
obtained fiom animals using techmques that are weUdesmbed in the art. Inapreferred 
embodiment of the invention, the animal fix>m whidi the nucldc add is obtained is a pain 
model M one mbodiment, an aniinal pain model is an experimental model which tes^ 
sendtivifyofnornialaniiiials to intense or noxious stimuli. These tests include responses to 
tiieroial, mechanical, or chfflucal stimuli Thermal stimuli is usually hot (42 to 5S^C) and 
includes radiant heat to the tail (the tail flick test) radiant heat to the plantar surfiu^e of Ihe 
hin^aw (the Hargreaves test, supra% the ho^late test, and immersion of the hinc^aw or tail 
in hot water. Alternatively, fliermal stimuli can be cold stimulus (30^ to -10^ C), such as 
immersion in cold wat^, acetone evq)oration or cold plate tests which may be used to test 
cold pain responsiveness using the tbresholds discussed above. The end points are latency to 
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response andfhe duration of the response as well as vocanzanonancriicicmgTnepavf^ as " 
desmbed above. MechadcalstimuUtypicaUy involves measuremoits of fhef^^ 
eliciting a withdrawal reflex of the hindpaw to graded strength monofilament von Frey hairs 
wherein one can measure the force of fte filament required to elicit a reflex. Alternatively, 
mechanical stimuli can be a sustained pressure stimulus to a paw (e.g., tibie Ugo Basila 
analgesiometer). The duration of response to a standard pin prick can also be measured 
Threshold values for identifying a stimulus that causes '^pain" to the animal are described 
above. Qiemical StimuUtypicaUy involves die ^tication or injection of a chendcalii^ 
to die sldn, muscle joints or internal organs like the bladder or peritoneum. Irritants can 
mclude capsaicin, mustard oil, bradykinin,ATP» formalin, or Theoutcome 
measures include vocalization, licking the paw, writhing or spontaneous flexion. In an 
alt^nate embodiment, the animal pain model is designed to measure changes in the 
excitability of the peripheral or central components of the pain neural patiiway pain 
sensitization, tamed peripheral sensitization and central sensitization. Peripheral 
Sensitization involves changes in the threshold and responsiveness of high threshold 
nocicq)tors which can be induced by: repeated heat stimuli, or application or injection of 
sensitizing chemicals (e.g. prostaglandins, biadykinin, histamine, serotonin, capsaicin, 
mustard oil). The outcome measures are thermal and mechanical sensitivity in the area of 
qjplication/stimulation using the techniques described above in behaving animals or 
electrophysiological measurements of single srasory fiber recq>tive field properties either in 
vivo or usmg isolated skin nerve preparations. Central sensitization involves changes in tiie 
excitability of neurons in die central nervous system induced by activity in pmpheral pain 
fibers. Central sensitization can be induced by noxious stimuli (e.g., heat) chemical irritants 
(e.g., injection/i^lication of capsaidnAnustard oil or formalin or electrical activation of 
sensory fibecs). The outcome measures are: beihavioral, electrophysiological, and 
neurochemical. In a finlfaer embodiment, the animal pain model is an experimental model 
diat measures the effect of peripheral inflammation on pain sensitivity. The inflammation 
can be produced by injection of an irritant such as conqplete Freunds adjuvant, carrageenan, 
turpentine, croton oil etc into die skin, subcutaneously, into a muscle into a joint or into a 
visceral organ using doses and administration techniques that are well known in the art 
Production of a controUedUVIi^t bum and ischaeinia can also be used. Administration of 
cytokines or inflammatory mediators such as lipopolysaccharide (LPS), or nerve growth 
fector (NGF) can mimic die effects of inflammatioiL The outcome of these models may also 
be measured as behavioral, electrophysiological, and/or neurochemical chahges. 
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In apre£ened embodimeat^ fhe animal pain model i^mcoennmiiifflucpenpi^^ 
neuropaifaic pain using lesions of the peripheral n^ous system (i.e., a nerve injury model). 
Bxamples of such lesions mclude, but are not limited to complete transection of a peripheral 
nerve (axotomy; Watson, 1973, J. Physiol. 231:41), liagation of a spinal segmental nerve 
(Kim and Chung, 1992, Pain, 50:355-63), partial nerve injury (Seltzo:, 1979, Pain, 29: 1061), 
Spared Nerve Injury model (Decosterd and Wool^ 2000, Pain 87:149), chronic constriction 
injury (Bemiett, 1993 Muscle Nerve 16: 1040), toxic neuiopadiies, such as diabetes 
(streptozodn model), pyridoxine neuropafliy, taxol, vincristine and other antineoplastic 
agent-induced neuropathies, ischaemia to a nerve, peripheral neuritis models (e.g., CFA 
^lied perineurally), models of posttieipetic neuralgia using HSV inJfectioiL The outcome of 
these neuropathic pain models can be measured using behavioral, electrophysiological, and/or 
neurochemical criteria as described above. Alternatively, the neuropathic animal pain model 
may be one which mimics central neuropathic pain using lesions of the central nervous 
syst^. For example, central neuropathic pain may be modeled by mechanical compressive, 
ischemic, mfective, or chemical injury to the spinal cord of an animal. The outcome of such 
a model is measured using the bdiavioral, electrophysiological, and/or neurochemical criteria 
described above. 

In a fiirther preferred embodiment, the animal pain model is atnodel which mimics 
inflammation usmg injectable irritants and/or inflammatory mediators. Examples of such 
. models include animals which are injected with, for example complete Freunds adjuvant 
(CFA), cairageenan, turpentine, croton oil, cytokines, lippopolysoccharide (LPS), or nerve 
growth fector (NGF) (Stein et aL, 1988 Pharmacol Biochem Behav 31:445; Woolf et al., 
1994, Neuroscience, 62: 327). The outcome of inflammation pain model can be measured 
using behavioral, electrophysiological, and/or neurochemical criteria as described above. 

Alternatively, nucleic add samples may be obtained fiom animals which are not pain 
models, but which have hocxi subjected to pain as a result of traumatic injury, infection, 
genetic, or congenital birth defects, and flie like. In addition, nucleic acid samples may be 
obtained fix)m an animal which is not a paia model, and which has not heca subjected to pain 
as aresultofatraumatic injury, or infection. Such an anirnal is twined a ''naive'' aiiiinal, and 
the expression of nucleic add sequences in the naive animal can be compared to the 
^ression of the same nucldc add molecules in animals subjected to pain to determine 
differential eiqyression. 
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Nucldc acid samples, usefiil in tbe present invenfio^o!' aetSfdSffl&g'diliS^SBSral 
expression of nucleic acid sequences in an animal subj ected to pain may be obtained fix)m 
anyceUoftheanimaL Ma preferred ^olbodiment, the niicleic add is obtained fiDom 
more sensory neurons of the aoimal. la a further prefened embodiment the nucleic add is 
obtained from the primary sensory neurons of the dorsal root ganglion or dorsal horn of the 
spinal cord Howeya:» nucldc add may be obtained from other n^irons including but not 
limited to cranial nerve nuclei, peripheral and/or central autonomic neurons, enteric neurons, 
thalamic neurons, and nrarons of smsory regions of the cortex such as primary sensory 
cortex. 

Sensory neurons maybe obtained from an animal using techniques that are 
well established in the art For exanqile, in embodiments ^ere nucleic add samples are to 
be obtained fix>m rat dorsal root ganglion (DRG) neurons, rats (whether nsSvo or pain models) 
are vdpidly killed by dec^itation and the DRG is dissected, removed and quicldy sns^fiozen 
onabedofcmsheddiyice,orinliquidnitrogen. RNA is then extracted from the tissues, 
also using tedmiques (hat are weU known in the art (see, ferexanq>le,A^ For 
exanq>le, the tissue is prqpared by homogenization in a glass teflon homogenizer in 1 ml 
denaturing solution (4M guanidinium thiosul&te, 25 mM sodium citrate, pH 7.0, 0. IM 2-ME, 
0.5% (w/v) N-laurylsaikosine) per lOQmg tissue. Following transfer of the homogenate to a 
5-ml polypropjlene tube, 0.1 ml of 2 M sodium acetate, pH 4, 1 ml wator-saturated phenol, 
and 0.2 ml of 49:1 chloroform/isoamjd alcohol are added sequentially. The sample is mixed 
after the addition of each component, and incubated for 15 min at 0-4^C after all components 
have been added. The sample is separated by centrifiigation for 20 min at 10,000 x g, 4°C, 
precipitated by the addition of 1 ml of 100% isopropanol, incubated for 30 minutes at -20X 
and pelleted by centrifiigation for 10 minutes at 10,000 x g, 4°C. The resulting RNA pellet is 
dissolved in 0.3 ml denaturing solution, transferred to a microfuge tube, precipitated by the 
addition of 0.3 ml of 100% isopropanol for 30 minutes at -20''C, and cmtrifiiged for 10 
minutes at 10,000 x g at 4''C. The RNA pellet is washed in 70% ethanol, dried, and 
resuspended in 100-200vd DEPC-treated water or DEPC-treated 0.5% SDS (Chomczynski 
andSacchi, 1987 , Anal Biochan. . 162: 156). 



Alternatively, total RNA may be extracted &om tissues useful in the present invention 
using Trizol reagent (bivitrogen, Carlsbad, CA), following the manu&cturers instructions. 
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Purity and integrity of KNA is assessed by absoibance an6e/280 rhft-W S©|jraiStiodi5fKI*\ 
san^les on a 1% agarose gel followed by inspection under ultraviolet ligbt 

Following total RNA isolation from tissues or cell of an animal useful in the present 
invention, the RNA is converted to cRNA for use in array hybridization. The preparation of 
cRNA is well-known and well-documented in the prior art 

b an alternate embodiment, the total SNA is converted to cDNA for use in array 
hybridization. cDNA may be prqpared according to the following method. Total cellular 
SNA is isolated (as described) and passed through a column of oligo(dT)-cellulose to isolate 
polyA KNA. The boimd polyA mRNAs are eluted from the column with a low ionic strength 
buffer. To produce cDNA molecules, short deoxythymidine oligonucleotides (12-20 
niicleotides) are hybridized to tiie polyA tails to be used as primers for reverse transcriptase, 
an enzyme that uses RNA as a template for DNA synthesis. Alternatively, mRNA species 
are primed from many positions by using short oligonucleotide fiiagments con^sing 
numerous sequences complementary to tiie mRNA of interest as primers for cDNA synthesis. 
The resultant RNA-DNA hybrid is converted to a double stranded DNA molecule by a 
variety of enzymatic steps well-known in the art (Watson et aL, 1992, Recombinant DNA. 
2nd edition. Scientific American Books, New York). 

Microarray analysis 

In one onbodiment, the present invention provides a metiiod for the identification of 
differmtially eiqpresses nucleic add sequences in pain in wMdi cDNA obtained from sensory 
neurons of animals subjected to pain is hybridized to a polynucleotide microarray of known 
genes or ESTs and the hybridization levels of the cDNA to the polynucleotide microarray are 
measured. 

Microarrays, usefiil in the idoitification of differmtially expressed nucleic add 
sequences, may be any microarmy known in the art which comprises known sequra^ A 
polynucleotide microarray rofers to a phnahty of unique nucldc adds attached to one surface 
of a solid support at a density exceeding 20 different nucldc adds/cm^ wherein each of the 
nucldc adds is attached to the sur&ce of the solid siqiport in a nouri dentical preselected 
region. In one embodiment, the nucldc add attached to tiie surface of the solid stqjport is 
DNA In a preferred embodiment, the nucldc add attached to the sur&ce of the solid support 
is cDNA In another prefmed embodiment, the nucleic add attached to the surface of the 
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solid support is cDNA synthesized by polymerase chain reacuon'vrcjtcT: Trreieraniyra' 
nucleic acid con^smg an array, according to the invention, is at least 20 nucleotides in 
length. Preferably, a nucleic add comprising an array is less than 6,000 nucleotides in 
length. More preferably, a nucleic add comprising an array is less than 500 nucleotides in 
length. In one embodiment, the array comprises at least 500 different nucldc acids attadied 
to one surface of the solid siqiport In anoftier embodiment the array comprises at least 10 
different nucldc adds attached to one surface of die solid support In yet anoflier 
eoibodiment, the array convulses at least 10,000 different nucldc adds attached to one 
sur&ce of the solid support. 

In a preferred embodiment, the micxoarray comprises known nucldc add molecules 
stably assodated with discrete predefined rpgions, and ^ch are obtained fixim an animal of 
the same spedes as die animal had been subj ected to pain and fix>m whidi flie nucldc 
acid sample to be tested is obtained Li a preferred embodiment, the microanay is a 
commodally available miooairay whidi may be obtained from a commerdal source sudi as 
Af^metrix (Santa Qara, CA). For exanqile, in one embodiment nucldc add samples are 
obtained fix>m a rat pain model and are hybridized to a polynucleotide microarray canoprising 
known rat gene sequences and ESTs. In a further preferred embodiment the microanay is an 
Aff^etrix Gene Chip® array including, but not limited to the human U95 array, the murine 
U74 array, and the rat U34 array. 

In one embodiment three independent replicate nucleic acid samples are prepared 
fixnn three sqiarate pain model animals (fer tissues with a low abundance of nerve cells, sudi 
as the DRG, san^>les fiom several ain'mals may be pooled to generate a single rq>licate) are 
hybridized to at least three replicate polynucleotide arrays, such that a statistical analysis may 
be performed on the resulting hybridization levels. 

Sample pr^aration 

Prior to hybridization of nucldc add to the polynucleotide microarray, the nucldc 
add samples must be prepared to facilitate subsequent detection of hybridization. The 
nucleic acid samples obtained from animals that have been subjected to pain (and from naive 
animals for the determination of differratial e}q)ression) are referred to as ^^probes" for the 
microarray and are capable of binding to a polynucleotide or nucldc add member of 
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cQmplenientaiy seqamce fhiough one or more types of ciieancaiDoinis; usuauy uuuuga 
conipletneiitary base pairm^ usually fhicugli hydrogen bond fimnation. 

As used herein, a polynucleotide derived fiom an mRNA transcript refers to a 
polynucleotide for which synthesis of the naKNA transcript or a subsequoice thereof has 
ultimately served as a template. Thus, a cDNA reverse transcribed &om an mKNA, an RNA 
transcribed fiom that cDNA, a DNA amplified fix)m the cDNA, an RNA transcribed from the 
amplified DNA, etc., are all derived fix>m fiie mKNA transcript and detection of such derived 
products is indicative of the presence and/or abundance of the original transcript in a sample. 
Thus, suitable target nucleic acid samples include, but are not limited to, mRNA transcripts 
of a g^e or genes, cDNA reverse transcribed fix)m the mSNA, cRNA transcribed fiom the 
cDNA, DNA anQ)lified fiom a ^e or genes, RNA transcribed fix>m anq>lified DNA, and the 
like. The polynucleotide probes used hereia are preferably dmved fixim sensory neurons of 
an animal that has been subjected to pain. 

In the sinq[>lest raibodiment, such a polynucleotide probe comprises total mRNA or a 
nucleic add sample corresponding to mRNA (e.g., cDNA) isolated fiom sensory neurons, 
ganglia, nuclei, or brain tissue. In another embodiment, the total mRNA is isolated fix)m a 
given sample using, for example, an acid guanidinium-phenol-chloroform extraction method 
and polyA+ mRNA is isolated by oli^ dT column chromatography or by using (dT)n 
magnetic beads (see, e.g., Sambrook et aL, Molecular Cloning: A Laboratory Manual (2nd 
ed.). Vols. 1-3, Cold Spring Harbor Laboratory, (1989), or Current Protocols m Molecular 
Biology, F. Ausubel et aL, ed. Greene Publishing and Wiley-Intersdence, New York (1987). 
In a preferred embodiment, total SNA is extracted using TRIzol reagent (GIBCO/BRL). 
Purity and integrity of RNA is assessed by absorbance at 260^QDm and agarose gel 
, electrophoresis followed by inspection under ultraviolet light 

In some embodiments, it is deshable to anoplify the probe nucleic add sanq;>le prior to 
hybridization, for exanq)le, when total RNA is obtained &om a small population of neurons. 
One of skill in the art will appreciate fliat whatever amplification method is used, if a 
quantitative result is desired, care must be taken to use a method diat maintains or controls 
for the relative frequencies of flie amplified polynucleotides. Methods of '^quantitative'' 
amplification aro well known to ttiose of skill in the art For example, quantitative PCR 
involves simultaneously co-amplifying a known quantity of a control sequence using the 
same primm. This provides an mtemal standard that may be used to calibrate the PCR 
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reaction. The high density anay may thra include probes^pt^t^cTtd^lue'liii^^ StantMtnor 
quantification of the anqilified polynucleotide. Detailed protocols for quantitative PGR are 
provided in PGR Protocols, A Guide to MeOiods and Applications, limis et al, Academic 
Press, Inc. N.Y., (1990). 

Ofh^ suitable amplification methods include, but are not limited to polymerase chain 
reaction (PGR) (bms, et al., PGR Protocols. A guide to Methods and Application. Academic 
Press, Inc. San Diego, (1990)), ligase chain reaction (LGR) (see Wu and Wallace, Genomics, 
4: 560 (1989), Landegren, et aL, Science, 241: 1077 (1988) and Barringer, et al.. Gene, 89: 
117 (1990), transcription anq>lification (ECwoh, et aL, Proc. Natl. Acad. Sci USA, 86: 1173 
(1989)), and self-sustained sequence replication (Ghiatelli, et al., Proc. Nat Acad. Sd. USA, 
87:1874(1990)). 

In a particularly preferred embodiment, the probe nucleic add sample mRNA is 
reverse transcribed with a reverse transcriptase and a primer consisting of oligo dT and a 
sequence encoding the phage T7 promoter to provide single stranded DNA template. The 
second DNA strand is polymerized using a DNA polymerase. After synthesis of double- 
stranded cDNA, T7 RNA polymerase is added and RNA is transcribed fiom the cDNA 
template. Successive rounds of transcription fiom each single cDNA template results in 
amplified RNA Methods ofin vitro polymerization are weU known to those ofddll in the 
art (see, e.g., Sambrook, suprdL) and this particular method is described in detail by Van 
Gelder, et al., Proc. Natl. Acad. Sd. USA, 87: 1663-1667 (1990) who dononstrate that in 
vitro amplification acconfing to this method preserves the relative firequendes of the various 
RNA transcripts. Moreover, Bberwine dt al. Proc. Nafi. Acad. Sd. USA, 89: 3010-3014 
provide a protocol that uses two rounds of anopMcation via in vitro transcription to achieve 
greater than 10^ fold ampMcationofthe original starting material th^bypermittixig 
expression monitoring even where biological samples are limited. 

In order to measure fiie hybridization of a probe nucleic add to a polynucleotide array 
to determine differential e^qpression, the probe nucldc acid is preferable labeled with a 
detectable label. Any aiialyticaUy detectable inarker that is attached to or iiicorporated into a 
molecule maybe used in the invmtioiL An analytically detectable marker refers to any 
molecule, moiety or atom ^^ch is analytically detected and quantified. 
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Detectable labels suitable for use in the present iifV€tati(to1aiCdnicf&'^^ 
detectable by spectroscopic, photochemical, biochemical, immunochemical, electrical, optical 
or chemical means. Useful labels in the present invention include biotin for staining with 
labeled streptavidin conjugate, magnetic beads (e-g., DynabeadsTM), fluorescent dyes (e.g., 
fluorescein, texas red, ihodamine^ green fluorescent protem, and the like), radiolabels (eg., 
^ 3SS, ^^C, or enzymes (e.g., horse radish peroxidase, alkaline phosfphatase and 
others commonly used m an ELLS A), and colorimetric labels such as colloidal gold or 
colored glass or plastic (e.g., polystyrene, polyprop;^ene, latex, etc.) beads. Patents teaching 
the use of such labels mclude U.S. Pat Nos. 3,817,837; 3,850,752; 3,939^50; 3,996,345; 
4,277,437; 4,275,149; and 4,366,241. 

Means of detecting such labels are well known to those of skill in flie art Thus, for 
exanq)le, radiolabels may be detected using photogrq)hic film or scintillation counters, 
fluorescent maikeis may be detected using a photodetector to detect emitted light En2^atic 
labels are typically detected by providing the enzyme with a substrate and detecting the 
reaction product produced by ttie action of the enzyme on the substrate, and colorimetric 
labels are detected by simply visualizmg the colored label. 

The labels may be incorporated by any of a number of means well known to those of 
skill in file art However, in a preferred embodiment, the label is simultaneously incorporated 
into the probe during the amplification stq> in the prqiaiation of flie probe polynucleotides. 
Thus, for exanq>le, polymerase chain reaction (PGR) with labeled primers or labeled 
nucleotides will provide a labeled amplification product In a prrferred embodiment, 
transcription amplification, as described above, using a labeled nucleotide (e.g. fluorescein- 
labeled UTP and/or CTP) incorporates a label into the transcribed polynucleotides. 

Alt»iatively, a label may be added directly to the original polynucleotide sanq>le 
(e.g., mKNA, polyA mRNA, d)NA, etc.) or to the anq)lification product aft^ the 
amplification is completed. Means of attaching labels to polynucleotides are well known to 
those of skill in the art and include, for exanqile nick translation or end-labeling (e.g. with a 
labeled RNA) and subsequent attachment (ligation) of a polynucleotide linker joining the 
sample polynucleotide to a label (e.g., a fluorophore). 

Jn a preferred embodiment, the fluorescent modifications are by cyanine dyes e.g. Cy- 
3/Cy-5 dUTP, Cy-3/Cy-5 dCTP (Amersham Pharmacia) or alexa dyes (Khan, J., Sunon, R., 
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Bittner, M., Chen, Y., Leighton, S. B., Pohida, T., Smith,¥.'©.,'^JiW|S •¥.?«botl€ftra c; 
Trent, J. M & Meltzer, P. S. (1998) Cancer Res. 58, 50095013.). 

In a preferred embodimmt, a piobe nucleic acid obtained Scorn an animal that has 
been subjected to pain and a nucleic acid sample obtained bom an animal not subjected to 
pain are co-hybridized to the polynucleotide array. In ttiis embodiment, the two probe 
samples used for comparison are labeled with different fluorescent dyes which produce 
distinguishable detection signals, for example, probes made finom an animal pain model are 
labeled vvifliCy5 and pn)bes made fix>m a naive aiiimd The diff<^?ently 

labeled target samples are hybridized to the same microanay simultaneously. In a preferred 
embodiment, the labeled targ^ are purified using methods known in the art, e.g., elhanol 
purification or colimm purification. 

In a preferred embodiment, the probes will include one or more control molecules 
which hybridize to control sequences on the microarray to normalize signals generated from 
flie microarray. Labeled normalization targets are polynucleotide sequences that are perfectly 
complementary to control oligonucleotides that are spotted onto tiie noicroarray. The signals 
obtained fiom the normalization controls after hybridization provide a control for variations 
in hybridization conditions, label intensity, "reading" efBciency and other &ctors that may 
cause the signal of a perfect hybridization to vary between arrays. In a preferred 
embodiment, signals (e.g., fluorescence intensity) read &om all other probes in the array are 
divided by the signal (e.g., fluorescence intensity) fiom the control probes thereby 
nomializing the measurements. 

Preferred normalization probes are selected to reflect the average length of the other 
probes present in the sample, however, they are selected to cover a range of loigths. The 
normalization control(s) can also be selected to reflect the (average) base conqiosition of the 
otiier probes in the array, however in a preferred embodiment, only one or a few 
normalization probes are used and Ifaey are selected such that fhey hybridize well (i.e. no 
secondary stmcture) and do not match any other probe molecules. 

Hybridization to polynucleotide arrays 

To determine tiie differratial expression of a nucleic acid sequence in an animal 
subjected to pain, labeled probe nucleic acids are hybridized to a polynucleotide array 
comprising polynucleotides of known sequence or identity. Polynucleotide hybridization 
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involves providing a denatured probe and target polymiclSofide'Hiildfif c6MilR)fis 'WlicStid' tOodr 
probe nucleic add member and its conqplementary targ^ can form stable hybrid di^lexes 
through conq)leinmtary base pairing. The polynucleotides that do not form hybrid duplexes 
are then washed away leaving the hybridized polynucleotides to be detected, typically 
through detection of an attached detectable label. It is generally recognized that 
polynucleotides are denatured by increasing the tonperature or decreasing the salt 
concentration of ttie buffer containing Ihe polynucleotides. Under low stringency conditions 
(e.g., low temperature and/or high salt) hybrid diq)leKes (e-g., DNArDNA, KNArKNA, or 
KNA:DNA) will form even where the annealed sequences are not perfectly complementary. 
Thus specificity of hybridization is reduced at lower stringency. Conversely, at hig^a 
stringency (e.g., higher temperature or low^ salt) successful hybridization requires fewor 
mismatches. 

The invention provides for hybridization conditions comprising the Dig (digoxygenin) 
hybridization mix OSoehringer); or formamide-based hybridization solutions, for example as 
described in Ausubel et aL, supra and Sambrook et aL si^nra. 

Alternatively, as described above, a prefrared embodimmt of the present invention 
comprises hybridizing probe nucleic add molecules to an Aff^metrix Gene Chip®. In Ihis 
embodiment, hybridization of the probe nucleic add molecules to tiie polynucleotide array is 
carried out according to the manufacturers instructions. 

Methods of optimizing hybridization conditions are well known to those of skill in die 
art (see, e.g.. Laboratory Techniques in Biochemistry and Molecular Biology, Vol. 24: 
Hybridization With Polynucleotide Probes, P. Tijssen, ed. Elsevier, N.Y., (1993)). 

Following hybridization, non-hybridized labeled or unlabeled polynucleotide is 
removed from the support sur&ce, conveniently by washing, thereby generating a pattern of 
hybridized probe polynucleotide on the substrate surfece. A variety of wash solutions are 
known to those of skill in the art and maybe used. The resultant hybridization patterns of 
labeled, hybridized oligonucleotides and/or polynucleotides may be visualized or detected in 
a variety of ways, with the particular manner of detection being chosen based on tibie 
particular label of the test polynucleotide, where representative detection means include 
scintillation counting, autoradiogr^hy, fluorescence measurment, calorimetric 
measurement, lig^ emission measurement and the like. In the preferred embodiment^ in 
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which tiie probe nucleic add is hybridized to an A^rmetl&*Gehd'(^^^®^ffe 
pattern of ttie probe nucleic add molecules is detected and measured according to the 
Af^metrix protocol, and usmg Af^etrix instrumentation. 

Following hybridization and any washing step(s) and/or subsequent treatments, as 
described above, the resultant hybridization pattern is detected. In detecting or visualizing 
the hybridization pattern, the intensity or signal value of the label will be not only be detected 
but quantified, by which is meant that the signal fix>m each spot of the hybridization will be 
measured and conq)ared to aunit value corresponding to the signal emitted by aknown 
number of end labeled target polynucleotides to obtain a count or absolute value of tiie copy 
nuniber of each end-labeled targ^ that is hybridized to a p articular spot on the array in the 
hybridization pattern. 

Expression analysis 

Methods for analyzing the data collected fiom hybtidization to arrays are well known 
in the art. For example, wh^ detection of hybridization involves a fluorescent label, data 
analysis can include the steps of detennioing fluorescent intensity as a fimction of substrate 
position fix)m the data collected, removing outhers, i.e., data deviating fix)m a predetermined 
statistical distribution, and calculating the relative binding affinity of the test polynucleotides 
fiom the remaining data. The resulting data is displayed as an image with the intensity in 
each region varying according to the binding afSnity between associated oligonucleotides 
and/or polynucleotides and tiie test polynucleotides. 

According to the present invention, there are three sets of measurements which may 
be used to determine differential expression of a polynucleotide obtained fix>m an animal 
subjected to pain relative to an animal not subjected to pain. In one embodiment, differential 
e^q^ression may be determined by measuring tiie intensity ratio, as defined above, wherein a 
+A 1 .4 fold change or greater in the intensity ratio is indicative of diff^ential expression. In 
a preferred embodiment, differential expression may be detomined by measuring the 
A^metrix ratio using the software suite and manufacturers protocols, available ftom 
Affymetrix (Santa Clara, CA), wherein a change in expression of +/- L4 fold or greater is 
indicative of differential e3q)ressioiL 



In another preferred embodiment, dLfferential expression of sequences can be 
established if they are differentially expressed by at least 1.2 fold, with ap-value of less than 
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0.05, in a statistical analysis of triplicate anay data points iisaig a&i sipptoptfate siansncai^ 
analysis, such as the student's t-tesL 

For example. Table 2 represents a composite of all those genes which were originally 
identified as differentially regulated by at least 1 .4 fold in either SNI or axotomy pain 
models. Differential expression was subsequently evaluated in at least three rq>licate arrays 
using at least three replicate nucleic add samples obtained from the animal nerve injury and 
inflammation pain models. From the rq)licate screening method, polynucletoide sequences 
can be identified as differentially expressed which have a lower fold change (i.e., lower than 
1 .4 fold) in e2q>iession in an animal subjected to pain, provided that a statistical analysis of 
the iq>licate data yields a p-value of less than O.OS. Tables 6 and 7 below show an example 
of an experimental rq)licate scheme may be used to obtain the data shown in Table 2. 
The animal pain model is indicated in the column labeled ^animal model", and tfie elapsed 
time followig the generation of flie pain model (i.e., time post surgery) is indicated. 
Experiments can be performed on samples obtained fix>mbofii dorsal hom (Table 6) and 
DRG (Table 7) tissues. 



Tabled. AfBmetrix nuooanay experiments 
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DH = dorsal hom offlie spinal cord 

CCI = chronic constriction ofthe sciatic nerve 3 
Chung = ligation ofthe spinal nerves L5 anf L6 (lombar region) distal to the correspondent dorsal ro( 
ganglions 
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SNI = spare nerve injury model (ligation and axotomy oFdlb'tibidl So&d^lbfdEmM 
nerves) 

CPA = injection in the paw of complete Freund's adijuvant (inflammatory pam 
model) 



Table?. A£5m^riximcroaiiayexperiineDts 
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Total 105 

DRG = dorsal root ganglion 

CCI = chronic constriction of the sciatic nerve 

Chung = Ugation of the spinal nerves L5 anf L6 (lombar region) distal to the correspondent 
dorsal root ganglions 

SNI = spare nerve injury model (ligation and axotomy of the tibial and pereonal nerves) 
CFA = injection in the paw of complete Freund's adijuvant (inflammatory pain model) 



The nerve injury pain models represented are the Spinal segmental nerve injury 
(Chung), Chronic Constriction Injury (CG) and Spared Nerve Injury (SNI) models at time 
points 3, 7, 21 and 40 days. The inflammatory model represented is intr^lantar Complete 
Freund's Adjuvant (CFA) injection into tiie hind paw at 0.5, 1 and 5 days post injection. The 
tissue are lumbar DRGs and dorsal horn (i.e two tissues four models, 4 time points (3 for 
CFA) - 30 different pain comparisons each in triplicate each con:q>ared against the 
appropriate control 

The following is an example of a detection protocol tiiat may be used for the 
shnultaneous analysis of two nucleic add san^les to be compared, wherem one sample is 
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obtained fiom primaiy sensory neurons of an animal paiifmbtidl &(Hti^ Mlfer is Q^taSifed* 
fiom primary sensory neurons of a naive animal, and herein each sample is labeled with a 
different fluorescent dye, such as and Cy5. This type ofprotocol would produce an 
intensity ratio. 

Each element of the micraarray is scanned for the first fluorescent color. Hie intensity 
of tiie fluorescence at each array element is proportional to the ei^ression level of that 
nucleic add sequence in the sample. 

The scamiing operation is rq>eated for the second fluorescent label. The ratio of the 
two fluorescent intensities provides a hi^y accurate and quantitative measurement of the 
relative gene expression level in fho two primary sensory neuron samples. 

In a preferred embodiment, fluorescence intensities of the immobilized target nucleic 
acid sequences can be determined firom intiages taken with a custom confocal microscope 
eqmpped with laser exdtation sources and interference filters sqypro^ and 
CyS fluorophores. Separate scans were taken for each fluorophore at a resolution of 22S pm^ 
per pixel and 65,536 gray levels, hnage segmentation to idmtify areas of hybridization, 
normalization of the intensities between the two fluorophore images, and calculation of the 
normalized mean fluorescent values at each target are as described (IGiaiu J., Simon, R., 
Bittner, M., Chen, Y., Leighton, S. B., Pohida, T., Smith, P. D., Jiang, Y., Gooden, G. C, 
Trent, J. M. & Mellzer, P. S. (1998) Cancer Res. 58, 50095013. Oien, Y., Dougiherty, E. R. 
& Bittner, M. L. (1997) Biomed Optics 2, 364374). Normalization between the images is 
used to adjust for the dififerent efficiencies in labeling and detection witiii the two dififerent 
fluorophores. This is achieved by equilibrating to a value of (1) tfie signal intensity ratio of a 
set of internal control gmes spotted on the array. 

Following detection or visualization, &e hybridization pattern is used to determine 
quantitative information aboiit the genetic profile of the labeled probe polynucleotide sample 
that was contacted with the array to generate the hybridization pattern, as well as the 
physiological source from whidi the labeled probe polynucleotide sano^le was derived By 
genetic profile is meant infomiation regarding the types of polynucleotides present in the 
sample, e.g» in terms of the types of genes to which they are con^lementary, as well as the 
copy number of each particular polynucleotide in the sample. From this data, one can also 
derive information about the physiological source ham which the target polynucleotide 
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sample was derived, such as the types of genes e^^ressed in Ae tfesue of ced^vrtudi t5 Hie 
physiological soiuce, as well as the levels of e^qptession of each gene, particularly in 
quantitative terms. 

In a particularly preferred embodiment, ^ere it is desired to quantify the 
transcription level (and thereby ejqjression) of one or more polynucleotide sequences m a 
sample, the probe nucleic acid sample is one in which die concentration of the mKNA 
transaipt(s) of the gene or genes, or the concentration of tibie polynucleotides dedved &om 
the mRNA transcript(s), is proportional to the transcription level (and therefore expression 
level) of that gene. Similady, it is preferred that the hybridization signal intensity be 
proportional to tiie amount of hybridized polynucleotide. While it is preferred that die 
proportionatity be relatively strict (e.g., a doubling in transcription rate results in a doubling 
in mRNA transcript in the sarqple polynucleotide pool and a doubling in hybridization 
signal), one of sikill will sqppredate ttiat the proportionality is more relaxed and even non- 
linear. Thus, for example, an assay wh^ a 5 fold difference in concentration of die probe 
mRNA results in a 3 to 6 fold di£ference in hybridization mtensity is sufBci ent for most 
purposes. Where more precise quantification is required appropriate controls are run to 
correct for variations introduced in sample preparation and hybridization as described herein. 
In addition, serial dilutions of "standard" probe mRNAs are used to prepare caUbration curves 
according to methods well known to tiiose of skill intiie art. Of course, >^ere simple 
detection of the presence or absence of a transcript is desired, no elaborate control or 
calibration is required. 

For example, if a microarray nucleic addmemb^is not labeled after hybridization, 
this indicates tiiat the gene conqiristng that nucleic add member is not expressed in either 
sample. If a nucleic add member is labeled with a single color, it indicates that a labeled gene 
was expressed only in one sample. The labeling of a nucldc add meniber conq>rising an 
anaywidi both colors indicates that the gene was expressed in bodxsanq>les. Evengenes ^ 
e3q)ressed once per cell are detected (1 part m 100,000 sensitivity). A 1.4-fold or greater 
difference in expression intensity in the two samples being compared is indicative of 
differential expression. 



Verification of differential esqpression 
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The above methods result in the identification, usfn^polyfaiiia^^OtRreraitaS^ 
comprising polynucleotides of known sequences, of nucleic acid molecules that are 
differentially expressed in an animal subjected to paiiL Following the initial identification of 
such sequences using the microarrays, however, the differential e3cpression is validated using 
techniques that are well known in the art 

In one embodiment, following identification of a 1.4 fold or greater difference in 
hybridization intensity in the sample obtained fix)m an animal subjected to pain relative to a 
mffve animal, reverse transcription PGR (RT-PCR) is performed using primers specific for 
the hybridizing sequence. For exantple, given tiiat the identity and sequence of each nucleic 
add comprising the polynucleotide array is known, if probe nucleic add hybridizes at a given 
position on the array, one of skill in Ibe art can design primers based on the sequence of the 
nucldc add known to be at tiiat position, which can then be used to amplify the known 
sequence from the original nucldc add sample obtained fix)mt^^ The technique of 

designing primers for PGR amplification is well known in the art Oli^micleotide primers 
and probes arc 5 to 100 nucleotides in length, ideally fix>m 17 to 40 nucleotides, although 
primers and probes of different length are of use. Prim^ for aniplification are preferably 
about 17-25 nucleotides. Primm usefiil according to the invention are also designed to have 
a particular melting tenq>erature (Tm) by tiie method of melting teniperature estimation. 
Commerdal programs, including Oligo™ (MBI, Cascade, CO), Primer Design and programs 
available on the intemet, including PrimerS and Oligo Calculator can be used to calculate a 
Tm of anucldc add sequence usefiil according to the inventioiL Preferably, the Tm of an 
an^lification primer usefiil according to the invention, as calculated for example by Oligo 
Calculator, is preferably between about 45 and 65"* C and more preferably between about 50 
and 60"* C. Preforably, the Tm of aprobe usefiil according to the invention is 7° C higher 
than the Tm of the corresponding amplification primers. It is preferred that, following 
generation of cDNA by RT-PCR, the cDNA Augment is cloned into an ^ropriate 
sequencing vector, such as a PCRU vector (TA cloning kit; Invitrogen). The identity of each 
cloned fi:agment is then confirmed by sequencing in both directions. It is expected that the 
sequmce obtamed fixnn sequendng would be the same as the known sequence originally 
spotted on the polynucleotide array. 

In one embodiment, following sequence confirmation of the identity of the 
differentially expressed polynucleotide, Ifae differential e3q)ression of the polynucleotide in 
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sensory neurons of an animal subjected to pain relative to analve animal fe TOnfinned by 
Northern analysis. SequenMConfibmedcDNAs are used to produce ^^P-labele^ 
probes using techniques well known in the art (see, for example, Ausubel, supra), or 
commercially available kits (Prime-It Kit, Stratagene, La JoUa, CA). Northem analysis of 
total KNA obtained from ni^e animals and animals subjected to pain is thenp^ormed using 
classically described techniques. For exan^le, total RNA samples are denatured with 
formaldehyde / formamide and run for two hours in a 1% agarose, MOPS-acetate-EDTA gel 
RN A is then transferred to nitrocellulose membrane by iqpward capHlary action and fixed by 
UV cross-linkage. Membranes are pre-hybridizedfiar at least 90 minutes and hybridized 
overnight at 42^ C. Post hybridization washes are perfiaimed as known in fliea^ 
supra). The membrane is then exposed to x-ray film overnight with an intensifying screen at 
-80*^ C. I^eled membranes are then visualized after exposure to fihn. The signal produced 
on the x-ray film by the radiolabeled cDNA probes can thm be quantified using any 
technique known in the art, such as scanning the film and quantifying the relative pixel 
intensity using a computer program such as NIH Image (t^ational Institutes of Health, 
Bethesda, MD), wherdn at least a 2 fold, preferably a 1 .4 fold increase or decrease in the 
hybridization intensity of the radiolabeled probe obtained fix)m the animal subjected to pain 
relative to the naive animal validates the differential expression observed using the 
polynucleotide microarray. 

In an altmiate embodiment, the differmtial expression of polynucleotide sequences, 
first identified using the polynucleotide microairays is verified using the Tacpnan™ (Perkin- 
Elmer, Foster City, CA) techniques, which is performed with a transcript-specific antisense 
probe. This probe is specific for the PGR product (e.g. a nucleic acid sequence identified 
using the microarray as being differentially regulated) and is prepared with a quencher and 
fluorescent reporter probe complexed to the 5' end of the oligonucleotide. DifBarent 
fluorescent markers can be attached to diffident reporters, allowing for measurement of two 
products in one reaction. When Taq DNA polymerase is activated, it cleaves off the 
fluorescent rq)orter8 by its 5'-to-3' nucleolytic activity. The reporters, now firee of the 
quenchers, fluoresce. The color change is proportional to the amount of each specific product 
and is measured by fluorometen therefore, the amountof each color can be measured and the 
RT-PCR product can be quantified. The PGR reactions can be performed m 96 well plates so 
that samples derived fix>m many individuals can be processed and measured simultaneously. 
The Taqman™ system has the additional advantage of not requiring gel electrophoresis and 
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allows for quantification when used with a standard curv6. QU^Ut^ve ffl£]^s ~oi me 
mRNA levels for a givea gene present in the originally obtained san^le fiom an animal 
subjected to pain permits a determination of the diff(rarential expression of the particular 
mRNA relative to that obtained from a naive animal. A fold increase or decrease in 
expression of a nucleic acid sequence from an animal subjected to pain of at least 2 relative to 
a naive animal is indicative of differential expression, and is sufBcient to validate the 
differential expression first identified using the polynucleotide mioroarray. 

In a still fiirdier embodiment, the differential expression of a polynucleotide identified 
usiiignucroanay analysis is verified by m^&i hybridization. Given that the sequence of each 
of the nucleic add molecules on the microairay used to identify differential expression is 
known, labeled cDNA or antisense KNA probes can be generated using techniques which are 
known in the art (Ausubel et aL, siq}ra). The probes are then hybridized to fixed (e.g., fixed 
in 4% paraformaldehyde) tiiin (5-50 |mi) tissue sections o^ for example, tfie dorsal root 
ganglioxL Briefly, prior to hybridization, the tissue sections are incubated in acetic anhydride, 
dehydrated in graded ethanols, and de-lipidated in chloroform. Tissue sections are then 
hyt^dized with one or more labeled probes for 24 hours at 45^ C. Hybridized probe may be 
subsequently detected using techniques wbidi are compatible with the label incorporated in 
the probe. The level of hybridization may be quantitated using any technique known to those 
of skill in the art For example, the hybridization signal may be photographed, and die 
photogr^h scanned into a computer and the hybridization signal quantitated using software 
such as NIH linage ^NIH, Bethesda, MD). The measured level of hybridization may then be 
correlated wi& the diEferential expression level measured usmg the microarray analysis. 

In a further embodiment, differential esqnression of sequmces, identified based on fiie 
1.4 fold Ifaeshold criteria, described abov^ can be vmfied as being differentially expressed if 
they aro differentially expressed by at least 12 fold, witti a p-value of less than 0.05, in a 
statistical analysis of triplicate array data points using an qipropriate statistical analysis, such 
as a student's t-test 

DiflBsrentiallv Expressed Polynucleotides 

The present invention provides polynucleotides and genes which are differentially 
expressed in an animal which has been subj ected to pain relative to an animal not subj ected to 
pain, wherein the differential expression is determined using the methods described above. 
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Using the above methods a number of polynucleotides hdvd^eM idmitni€aivtuc& are 
difiTerentially esqiressed in an animal subjected to pain. These polynucleotides and their 
respecitve human homologs, as well as the polypqytide molecules encoded therd)y are shown 
inTablesl,2,3,4,or5, 

Table 1 shows a groiq) of differentially pressed polynucleotides and genes, several 
of which demonstrate an at least 1.4 fold change in expression in an animal subjected to pain 
in both axotomy and SNI pain models relative to naive animals; indicated by the Fold Obange 
of Axotomy/Nalve or SNI/Naive. Those polynucleotides that are not differentially expressed 
by at least +/- 1 A fold are not consid^ed to be differentially expressed according to the 
invention. The polynucleotides of Table 1 have been previously suggested to be involved m 
tibie mechanisms of pain and neuronal injury. The present invention, however, distinguishes 
these polynucleotides by providing a threshold of differential expression which is less than 
tiiat previously accepted for such analysis. 

Table 2 shows polynucletotides of the present invention which have been established 
as being differentially expressed by at least 1.4 fold in an axotomy, SNI, or inflammation 
animal pain model, and which have been fiuther analyzed by triplicate analysis as shown ia 
Tables 6 and 7. The polynucleotide sequences shown in Table 2 have been established herem 
as bemg differaitially expressed by at least 1.2 fold, with a level of statistical significance of 
p<O.OS as determined by a student's t-test over at least tiiree replicate assays (tiie replicate 
assay schemes are shown in Tables 6 and 7), in several animal pain models measured at 
several post operative time points. The nerve iqury pain models represented are the Spinal 
segmental nerve injury (Chung), Chronic Constriction Injury (CCI) and Spared Nerve Injury 
(SNI) models at time points 3, 7, 21 and 40 days. The inflammatory model represented is 
intrqplantar Conxplete Freund's Adjuvant (CFA) injection in to the hind paw at 0.S, 1, and 5 
days post injection. The tissue are lumbar DRGs and dorsal horn (i.e two tissues four 
models, 4 time points (3 for CFA) = 30 different pain conq>arisons each in triplicate each 
compared against the ^propriate control. 

Table 3 shows polynucleotide sequences of the present invention which have hem 
established as being differentially expressed by at least 1 .4 fold, but which have not attained a 
statistical significance of pO.OS according to the triplicate analysis scheme shown in Tables 
6 and 7. The polynucleotide sequence shown in Table 3, however, are considered to be 
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"differentially expressed** according to the present inventioliirciispiieTre iacriDarme~xne 
triplicate analysis has not established a significance of p<0.05. 

Table 4 shows polynucleotides of the present invention which are upregulated by at 
least 1.4 fold in a rat inflammation pain model as indicated by either or both of the Intensity 
Ratio Naive/^NI or Affymetrix Ratio data column, and which have not been previously 
suggested to be involved in the cellular response to pain. 

Table S shows polynucleotides of the preset invention which are downregulated by 
at least 1 .4 fold in a rat inflammation pain model as indicated by dfher or both of the 
Intensity Ratio Naive/SNI or Afiymetrix Ratio data column, and ^ch have not been 
previously suggested to be involved in the cellular response to pain. The data in tables 4 and 
5 represents an average of the Intensity Ratios and Affymetrix Ratios obtained 6om 
inflammation pain models at 3 hours, 6 hours, 12 hours, 24 hours, 48 hours and 5 days 
following induction of inflammatioiL 

As indicated in the tables, the cohmm labeled homology" indicates the percent 
identity between the human and rat (or mouse if the rat sequence is not available) sequoices. 
In some cases, the polynucleotide sequence indicated in Table 2, 3, 4, or 5 is an EST 
sequence. Accordingly, the column labeled 'Tormer identifier^' indicates the accession 
number of the gene sequence having flie closest homology, as determined by a BLAST 
search, to die EST sequence. The colxmm labeled "idmtifier** in conjimction with the 
colimms labeled "^description" and ^^protein type" indicate flie function of the proteins 
encoded by the polynucletoides of Tables 1, 2, 3, 4, or S and specifically indicated in Tables 
2, 3, 4, or S. The column labeled "'subcellular localization" indicates the known location of 
the protein encoded by the polynucleotide sequences noted in the Table in specific 
compartments in the cell. Accordingly, fbose ptotems which are indicated in the Table as 
being secreted may be usefiil, as described below, as protdn dmgs for modulating the activity 
of one or more proteins indicated in the table, or for treating pain as described herein. 
Similarly, protems which are iodicated as being integral membrane proteins may be cell 
sur&ce receptors, and may be screened against candidate compounds to identify compounds 
v^ch regulate their activity as desotibed below. The columns labeled ^'rat gone SEQ ID 
No." *^ protein SEQ ID No.", ''human gene SEQ ID No.", and liuman protein SEQ ID 
No." in Tables 2-3 indicates the SEQ ID No. corresponding to the sequence identified by the 
corresponding accession numb^. 
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In addition to the polynucleotides indicated in TaSleS' 1, 2, 3; 4; 6t 5, ftie scope^f fce 
invention further includes variations, and/or mutations in the polynucleotide sequences, 
including SNPs and other conservative variants that do not alter the functionality of the 
encoded polypeptide uicluding sequences having at least 30% homology with the 
polynucleotide sequences shown in Tables 1, 2, 3, 4, or 5, but encoding a protein having flie 
equivalent function to the protein encoded by the polynucleotide sequences shown in Tables 
1, 2, 3, 4, or S. The present invention fturtibier encompasses the human homologs to the 
polynucleotide sequences indicated in Tables 1» 2, 3, 4, or 5, and the polypq>tide sequences 
encoded thereby. The invention still fiirtho: enconq)asses the polypq)tide sequences encoded 
by the polynucleotide sequences shown in Tables 1, 2, 3, 4, or S* The Accession no. for the 
polypeptide sequence is shown in Tables 2, 3, 4, or S (the protein accession number is not 
indicated for Tablet, as all ofthese genes are known in ttie ait). The present invention also 
encompasses a variant, domain, q)itope, or fragment of the polypq)tide molecules indicated 
in Tables 1, 2, 3, 4, or 5, provided that the variant, domain, epitope, or fragment has an 
equivalent function to fliat of the polypeptide indicated in Tables 1, 2, 3, 4, or S (i.e., the 
function for the proteins indicated in Tables) 
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Mottiers against 

decapentaplegic 

homolog 1 

(SMAD1) 
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agalnstDPP 

homolog 1). 
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homolog 1 

(SMAD1) 

(Mothers 

agalnstDPP 

homolog 1). 
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OF UGAND; 
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NUCLEUS 
WHEN 


COMPLEXE 

DWITH 

SMAD4. 
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NUCLEUS 

WHEN 
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U66471 Rattus norvegicus cell growth 
regulator rCGR19 mRNA, complete cds 
/cds«(100,1098)/gb=U66471 /gl=1724076 
/ug=Rn.11138/len«1265 


U66471 Rattus norvegicus cell growth 
regulator rCGR19 mRNA, complete cds 
/cds=(100,1098)/gb=U68471 /gl=1724076 
/ug=Rn.11138/Ienn1265 


U66478 Rattus norvegicus mothers against 
dpp 1 homolog (Mad1) mRNA, complete ods 
/ods=(315,1721) /gl)=U66478 /gl=1710128 
/ug=Rn.10635/Ien«2002 




U66478 Rattus norvegicus mothers against 
dpp 1 homolog (Mad1) mRNA, complete cds 
/cds-(316.1721) /gboU66478 /gl«1710128 
/ug=Rn.10835/l8n=2002 
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e)(Fo 


UDP-glucose 
receptor (G 
protein-coupled 
receptor 
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acetylglucosaml 
ne-peptlde N- 
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membrane 
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OX-2 

membrane 
glycoprotein 
precursor (MRC 
OX-2 antigen). 


Tropomyosin 1 
alpha chain 
(Alpha- 
tropomyosin). 


SlromeIysin-1 
precureor (EC 
3.4.24.17) 
(MaUix 

metalloproteinas 
e-3)(MMP-3) 
(Transln-1) (SL- 
1)(PTR1 
protein). 


Typel 

membrane 

protein. 


V01543mRhrA Rat mRNA fragment Isolated 
from the brain and coding for brain specific 
peptide /cd8»(547.908) /gb=V01643 
/gl=56876 /ug-Rn.2865 /len=1 136 


V01543mRNA Rat mRNA fragment Isolated 
from the brain and coding for brain specific 
peptide /cd8=(547.906) /gb=V01543 
/gl=56878 /ug=Rn.2865 /len=1 1 36 


X01785 Rat thymocyte mRNA for ceil surface 
protein (MRC OX-2) /cds-(24.860) 
/gb=X01786 /g|a56700 /ug-Rn.7085 
/len»2216 


X02412 Rat mRNA fragment for striated 
muscle alpha-tropomyosin /cds°(0,614) 
/gb=X02412 /gl-57406 /ug=Rn.1033 /len=890 


X02601 Rat mRNA for 53 kO polypeptide 
Induced by growth fectors (EGF) and 
oncogenes (H-ras; src; polyoma middle T) 
/cds=(57.1484)/gb=X02601 /gl-57460 
/ug=Rn.10435/len-1771 
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(EGF) and 
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Tumor necrosis 
fector receptor 
superfamily 
member 16 
precursor (Low- 
affinity nerve 
growth factor 
receptor) (NQF 
receptoi) (GpBO- 
LNGFR)(p75 
ICD) (Low 
affinity 
neurotrophin 
receptor 
P75NTR). 


1 1 

iiitii 


subunit 
precursor (EC 
2.4.1.119) 
(Ribophorin i) 
(RPN-I). 




Typel 

membrane 

protein. 


membrane 
protein. 
Endoplasmic 
reticulum. 






X0S1 37 Rat mRNA for fast nerve growth 
factor receptor (NGFR) /cd8=(1 13.1390) 
/gl)=X05137/al-5e756/ug=Rn.10980 
/len=3259 


X05300 Rat mRNA for ribophorin 1 
/cd8=(8,1828) /gb=X05300 /gi-57070 
/ugBRn.4224/len°2214 




X05472cd8#1 RNREP24R Rat 2.4 kb repeat 
DNA right temnina) region 
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la addition to providing genes ^;^ch are differentially expressed in animals y/bich have 
been subjected to pain, the preset invention ftrtfao' provides vectors and plasmids usefiil for 
directing die expression of differentially expressed genes, or ther^eutic nucleic acid constructs, 
and further provides host cells which express the vectors and plasmids provided herein. Nucleic 
acid sequences useful for the expression fiom a vector or plasmid as described below include, 
but are not limited to any nucleic acid or gene sequence identified as being differentially 
regulated by the methods described above, and further include therapeutic nucleic acid 
molecules, such as antisense molecules. The host cell may be any prokaryotic or eukaryotic celL 
Ligating the polynucleotide sequence into a gene construct, such as an expression vector, and 
transforming or transfecting into hosts, either eukaryotic (yeast, avian, insect or mammalian) or 
prokaryotic (bacterial cells), are standard procedures well known in the art 

Vectors 

There is a wide array of vectors known and available in the art that are useful for the 
esqiressionofdifferentiaUye3q[)ressed nucleic add molecules according The 
selection of a particular vector clearly depends upon the intended use the polypeptide encode 
the differentially expressed nucleic add. For exan^le, the selected vector must be cs^able of 
driving expression of the polypeptide in the desired cell type, whdher fliat cell type be 
prokaryotic or eukaryotic. Many vectors coinprise sequences aUowing both prokaryotic vector 
rq)lication and eukaryotic egression of operably linked gene sequences. 

Vectors useful according to the invention may be autonomously rq)licating, that is, die 
vector, for example, a plasmid, exists extradbromosomally and its rq>lication is not necessarily 
directly linked to the replication of the host cell's genome. Alternatively, the replication of the 
vector may be linked to the replication of tiie host's chromosomal DNA, for example, the vector 
may be integrated into the chromosome of fhe host cell as achieved by retrovhral vectors. 

Vectors useM according to the invention preferably comprise sequences operably linked 
to the differraitially expressed sequences that permit the transcription and translation of die 
sequence. Sequmces that permit die transcription of the linked differraitiallyesqx^^ 
include a promoter and optionally also include an enhancer element or elements permitting the 
strong egression ofthe linked sequences. The term *%anscriptional regulatory sequences" 
rofers to the combination of a promoter and any additional sequences conferring desired 
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expression charactenURs (e.g., high level expression, indudblejracprHRpn, fassucMorcdflHtyES- 
spedfic expression) on an operably linked nucleic acid sequence. 

The selected promoter may be any DNA sequence that exhibits transcriptional activity in 
the selected host cell, and may be derived firom a gene normally expressed in flie host cell or 
from a gene normally expressed in other cells or organisms. Exanq>les of promoters include, 
but are not limited to the following: A) prokaryotic promoters - E. coli lac, tac, or tip promoters, 
lambda phage Pr or Pl promoters, bacteriophage T7, T3, Sp6 promoters, B. subtilis alkaline 
protease promoter, and the B. stearothermophilus maltogenic amylase promoter, etc.; B) 
eukaryotic promoters - yeast promoters, sudi as GALl, GAL4 and other glycolytic gene 
promoters (see for example, Hitzeman et al., 1980, J. Biol. Chem. 255: 12073-12080; Alber & 
Kawasaki, 1982, J. Mol. Appl. Gen- 1: 419-434), LEU2 promoter (Martinez-Garcia et al., 1989, 
Mol Gen Genet 217: 464-470), alcohol dehydrogenase gene promoters (Young et al., 1982, in 
Genetic ^igine^g of Microorganisms for Chemicals, HoUaender et al., ed&, Plmum Press, 
NY), or flie TPIl promoter (U.S. Pat No. 4,599,311); insect promoters, such as the pol)4iedrin 
promoter (U.S. Pat No. 4,745,051; Vasuvedan et al., 1992, FEBS Lett 311: 7-11), the PIO 
promoter (Vlak et at, 1988, J. Gen. ViroL 69: 765-776), Hi^Autographa cattfomica 
Ix>lyfaedrosis virus basic protein promoter (EP 397485), the baculovirus immediate-early gen 
promoter gene 1 promoter (U.S. Pat Nos. 5,155,037 and 5,162,222), the baculovirus 39K 
delayed-early goie promoter (also U.S. Pat Nos. 5,155,037 and 5,162,222) and &e OpMNPV 
immediate early promoter 2; mammalian promoters - the SV40 promoter (Suhramani et al., 
1981, MoL CeU. Biol. 1: 854-864), metallothionein promoter (MT-1; Pahniter et al., 1983, 
Science 222: 809-814), adenovirus 2 major late promoter (Yu et al.,1984, Nucl. Acids Res. 12: 
9309-21), cytomegalovirus (CMV) or other viral promoter (Tong et al., 1998, Anticanc^ Res. 
18: 719-725), or even the endogenous promoter of a gene of interest in a particular cell type. 

A selected promoter may also be linked to sequences rendering it inducible or tissue- 
specific. For example, the addition of a tissue-specific enhancer element upstream of a selected 
promoter may rrad^ the promoter more active in a givCT tissue or cell type. Alternatively, or in . 
addition, inducible expression may be achieved by linking the promoter to any of a number of 
sequence elemCTts permitting induction by, for exanq)le, tiiecmal changes (temperature 
sensitive), chemical treatment (for exanq>le, metal ion- or IPTG-inducible), or the addition of an 
antibiotic inducing agent (for example, tetracycline). 
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Regulatable dipession is achieved using, for ©cannple, expregiibn systems that ji^dffig 
indiicible (e.g., tetracycline, n5)amycin orhormone-induciblej. Lmig-regulatable promoters that 
are particularly well suited for use in mammalian cells include the tetracycline regulatable 
piomoteis, and g(lucocorticoid steroid-, sex hormone steroid-, ecdysone-, lipopolysaccharide 
(LPS)- and isqpropyltbiogalactoside (IPTG>regulatable promoters. A regulatable expression 
system for use in mmnTTifllian cells should ideally, but not necessarily, involve a transcriptional 
regulator ibat binds (or Ms to bind) nonmammaUan DNA moti& in response to a regulatory 
agent, and a regulatory sequence that is reqKmsive only to this transcriptional regulator. 

Tissue-specific promoters may also be used to advantage in dififerentially expressed 
sequence-encoding constructs of the invention. A wide variety of tissue-specific promoters is 
knowiL As used herein, the term ^^tissue-specific'' means that a given promoter is 
transcriptionally active (i.e., directs the expression of linked sequences sufficient to permit 
detection of the polypeptide product of the promote) in less than all cells or tissues of an 
organism. A tissue specific promoter is preferably active in only one ceU type, but niay, for 
exanq>le, be active in a particular class or lineage of cell types (e.g., hematopoietic cells). A 
tissue specific promoter usefiil according to the invention comprises those sequmces necessary 
and sufficient for tiie esqpression of an operably linked nucleic acid sequence in amanner or 
pattern that is essratially the same as the maimer or pattern of expression of the gene linked to 
that promoter in nature. The following is a non-exclusive list of tissue specific promoters and 
literature refermces containing fiie necessary sequences to achieve expressicm characteristic of 
those promoters in their respective tissues; the entire content of each of these literature references 
is incorporated herein by reference. Examples of tissue specific promoters usefid in the presoit 
invention are as follows: 

Bowman et al., 1995 Proc. Natl. Acad. Sd. USA 92,12115-12119 describe a brain- 
spedfic transferrin promote^ the synapsin I promoter is neuron specific (Schoch et al., 1996 J. 
Biol. Chem. 271 , 33 17-3323); the nestin promoter is post-mitotic neuron specific (Uetsuki ^ aL, 
1996 J. Biol. Ch^:!. 271, 918-924); the neurofilament light promoter is neuron specific (Charron 
et al., 1995 J. Biol. Chem. 270, 30604-30610); the acetylcholine receptor promoter is neuron 
specific (Wood et al., 1995 J. BioL CheoL 270, 30933-30940); and the potassium channel 
promoter is high-frequency firing neuron specific (Gan et al., 1996 J. Biol. Chem 271, 5859- 
5865). Any tissue specific transcriptional regulatory sequence known in the art may be used to 
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advantage wifli a vecllf encoding a differentially expressed nucleic dMR sequence obtained from 
an animal subjected to pain. 



In addition to piomotei/enhancer elemmts, vectoxs useful according to llie invention may 
furttier con^rise a suitable terminator. Such temiinators include, for example, ttie human gco'wth 
honnone teraiinator (Pahniter et aL, 1983, siqnra), or, for yeast or fungal hosts, the TPIl (AlbCT 
& Kawasaki, 1982, supra) or ADH3 terminator (McKnigJit et al., 1985, EMBO J. 4: 2093-2099). 

Vectois usefol accoitling to the invention may also comprise polyadenylation sequences 
(e.g., the SV40 or AdSElb poly(A) sequence), and translational enhancer sequences (e^g., tfiose 
from Adenovirus VARNAs). Further, a vector useful according to the invention may encode a 
signal sequence directing the recombinant polypeptide to a particular cellular conipartment or, 
alternatively, may encode a signal directing secretion of the recombinant polypq)tide. 

& Plasmid vectors. 

Any plasmid vector that allows expression of a diflGa^tially expressed coding sequence 
of the invention in a selected host cell type is accqptable for use according to the invention. A 
plasmid vector useful in the invention may have any or all of the above-noted characteristics of 
vectors useful according to the invention. Plasmid vectors useful according to the invention 
include, but are not limited to tiie following ^canq)les: Bacterial - pQE70, pQE60, pQE-9 
(Qiagen) pBs, phagescript, psiX174, pBluescript SK, pBsKS, pNHSa, pNH16a, pNHlSa, 
pNH46a (Stratagene); pTrc99A, pKK223-3, pKK233-3, pDR540, and pRTTS (Pharaoada); 
Bukaryotic - pWLneo, pSV2cat, pOG44, pXTl, pSG (Stratagene) pSVK3, pBPV, pMSG, and 
pSVL ^Pharmacia). However, any other plasmid or vector may be used as long as it is replicable 
and viable in the ho sL 

b. Bacteriophage vectors. 

There are a number of well known bacteriophage-derived vectors useful according to the 
invention. Foremost among these are the lambda-based vectors, such as Lambda n or 
Lambda-Zap Express vectors (Stratagene) that allow inducible expression of the polypeptide 
encoded by tiie insert Others include filamentous bacteriophage such as the M13-based family 
of vectois. 



c. Viral vectors. 



wo 03/016475 . PCTAJS02/25765 

936 

A number of SHerent viral vectors are useful according to the fiyentipn, mdMY ^dral 
vector that pennits the introduction and expression of one or more or me ainerenuauy expressea 
polynucleotides of the invention in cells is accq)table for use in the methods of the invention. 
Viral vectors th qt can be used to deliver foreign nucleic acid into cells include but are not limited 
to retroviral vectors, adenoviral vectois, adeno-associated viral vectors, herpesviral vectors, and 
Semliki foxest viral (alphaviral) vectors. Defective retroviruses are well characterized for use in 
gene transfer (for a review see Miller, AJD. (1990) Blood 76:271). Protocols for producing 
recombinant retroviruses and for infecting cells in vitro or in vivo rntti such viruses can be found 
in Current Protocols in Molecular Biology, AusubeL VM. et aL (eds.) Greene Publishing 
Associates, (1989), Sections 9.10-9.14, and other standard laboratory manuals. 

In addition to retroviral vectors. Adenovirus can be manipulated such that it encodes and 
expresses a gene product of interest but is inactivated in terms of its ability to replicate in a 
normal lytic viral life cycle (see for ^cample Beikner et aL, 1988, BioTecfaniques 6:616; 
Rosenfeld et al., 1991, Science 252:431-434; and Rosenfeld et aL, 1992, Cell 68:143-155). 
Suitable adenoviral vectors derived fimn the adenovirus strain Ad type 5 dl324 or other strains of 
adenovirus (e.g., Ad2, Ad3, Ad7 etc.) are well known to fliose sidlled in the art. 
Adeno-assodated virus (AAV) is anaturally occurring defective virus tiiat requires another 
virus, such as an adenovirus or a herpes virus, as a helper virus for efiBdent replication and a 
productive life cycle. (For a review see Muzyc»3ca et aL, 1992, Curr. Topics in Micro, and 
IinmunoL 158:97-129). An AAV vector ^h as that described in Traschin et al. (1985, MoL 
Cell. BioL 5:3251-3260) can be used to introduce xrucleic add into cells. A variety of nucldc 
adds have been introduced into different cell types using AAV vectors (see, for example, 
Hermonat et al., 1984, Proc. NatL Acad. Sd. USA 81: 6466-6470; and Traschin et al., 1985, 
MoL Cell. BioL 4: 2072-2081). 

Hostcelb 

Any cell into which a recombinant vector carrying a gene encoding a nucldc acid 
sequence differentially expressed in an animal subjected to pain may be introduced and wherdn 
the vector is pennitted to drive the e)qiression of the peptide encoded by the diffa:entially 
expressed sequence is usefol according to the invCTtion. Anycellinwhichadifferratially 
expressed molecule of the invention may be expressed and preferably detected is a suitable host, 
wherein the host cell is preferably a mammalian cell and more preferably a human cell. Vectors 
suitable for the introduction of differentially esqnressed nucldc add sequroces to host cells from 



wo 03/016475 PCTAJS02/25765 

937 

a variety of dififereni wganisms, both prokaryotic and eukaryotic^ are^iescribed herem dbKive or 
kaown to those skilled in the art 

Host cells may be prokaryotic, such as any of a number of bacterial strains, or may be 
eukaryotic, such as yeast or oflier fungal cells, insect or amphibian cells, or mammalian cells 
including, for example, rodent, simian or human cells. Cells may be primary cultured cells, for 
example, primary human fibroblasts or keratinocytes, or may be an established cell line, such as 
NIH3T3, 293T or CHO cells. Further, mammalian cells useful in the present invaition may be 
phenotypically normal or oncogenically transformed. It is assumed that one skilled in the art can 
readily establish and tnai^t^m a chosen host cell type in culture. 

Introduction of vectors to host cells. 

Vectors useful in the present invention may be introduced to selected host cells by any of 
a nuniber of suitable methods known to those skilled in the art For exanqple, vector ccmstnicts 
may be introduced to ^ropriate bacterial cells by infection, in fhe case of E. coli bacteriophage 
vector particles such as lambda or M13, or by any of a number of transformation methods for 
plasmid vectors or for bacteriophage DNA. For example, standard caldum-chloride-mediated 
bacterial transformation is still commonly used to introduce naked DNA to bacteria (Sambro 
et al., 1989, Molecular r inning, A Laboratory Manual Ck)ld Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY), but electroporation may also be used (Ausubel et al., 1988, Current 
Protocols in Molecular Biology, (John Wiley & Sons, Inc., NY, NY)). 

For the introduction of vector constructs to yeast or other fimgal cells, chemical 
transformation methods are generally used (e.g. as desoibed by Rose et aL, 1990, Methods in 
Yeast Genetics, Cold Spring Harbor Laboratory Press, Cold Spring Harbor. NY). For 
transformation of S. cerevisiae, for example, the cells are treated with lithium acetate to achieve 
transformation ef&dendes of approximately 10^ colony-forming units (transformed cells)/^g of 
DNA. Transformed ceUs are tiien isolated on selective media qipropriate to die selectable 
mariner used. Alternatively, or in addition, plates or filters lifted fiom plates may be scanned for 
GFP fluorescence to identify transformed clones. 

For die introduction of vectors comprising differentially expressed sequences to 

Tngfnmali an ccIIr^ the rngthnd iL<;ed will depend npan the farm of the vector. Plasmid vectors 

may be introduced by any of a number of transfection methods, including, for example^ lipid- 
mediated transfection C'lipofoction''), DEA&4extran-mediated transfection, electroporation or 
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calcium phosphate pimpitation. These methods are detailed, for exfllble, in Current Piotpcols 
in Molecular Biology (Ausubel et al., 1988, John Wiley & Sons, Idc„ NY, NY). 

Lipofection reagents and methods suitable for transient transfection of a wide variety of 
transformed and non-transformed or primary cells are widely available, making lipofection an 
attractive method of introducing constructs to eukaryotic, and particularly mammalian cells in 
culture. For example, UpofectAMOJnE™ (Life Technologies) or LipoTaxi™(Stratagene) kits are 
available. Other companies offering reag^ts and methods for Upofection include Bio-Rad 
Laboratories, OLONTECH, Glen Research, IhVitrogen, JBL Scientific, MBI Feimentas, 
PanVera, Promega, Quantum Biotechnologies, Sigma-Aldrich, and Wako Chemicals USA. 

Following transfection with a vector of the invention, eukaryotic (e.g., human) cells 
successfully incorporating the construct (intra^ or extrachromosomally) may be selected, as noted 
above, by either treatment of the transfected population with a selection agmt, such as an 
antibiotic whose resistance gene is encoded by die vector, or by direct screening using, for 
example, FACS of the cell population or fluorescence scanning of adherent cultures. Frequently, 
both types of screening may be used, wherem a negative selection is used to enrich for cells 
taking up the construct and FACS or fluorescence scanning is used to further emich for cells 
expressing differentially expressed polynucleotides or to idmtify specific clones of cells, 
respectively. For example, a negative selection with the neomycin analog G418 (life 
Technologies, lac.) may be used to identify cells that have received the vector, and fluorescence 
scanning may be used to identify those cells or clones of cells that express the vector construct to 
the greatest extent. 

Polynucleotide arravs comprisiag differentiallv expressed nucleic acid sequences 

In one embodiment, the present invention provides a pain-specific polynucleotide array 
comprising nucleic acid sequences diat are identified as bemg differentially expressed in an 
animal subjected to pain relative to analVe animal stably associated at discrete predefined 
regions on a sur£ace. M a preferred embodiment, a pain-specific microarray useM hi the present 
invention comprises one or more polynucleotides shown in Tables 1, 2, 3, 4, or 5. At least one 
of the polynucleotides comprising a pain-specific array useful in the present invmtion must be 
selected ftom Table 2, 3, 4, or 5. A pain-specific microarray according to the invention 
preferably con^rises between 10 and 20,000 nucleic acid members, and more preferably 
comprises at least 5000 nucleic acid members. The nucleic acid members are known or novel 
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polynucleotide sequefllEs which have been detennined to he difFerenflun v exoiessed as 
described herein^ or any combination thereof A pain-specilic microarray accorcung lo me 
invention may be used, for example, to test therapeutic conq>ounds which may modulate the 
expression of the sequences comprising the array in an animal subjected to pain. For example, 
an animal subjected to pain may be treated with a potentially therapeutic compound as described 
below. Total KNAniay then be extracted finom; for exan^ 

accoiding to the methods described above, and hybridized to the pain-specific microarray. The 
level of hybridization of san^les to the pain-spedfic microarray may be compared to the level of 
hybridization of a nucleic add sample obtained fcom an animal subjected to pain, but not 
administered the therq>eutic conipound. The pain-sfpedfic microarray may also be used, for 
example, to test the ability of an antisense nucldc add to hybridize to flie differentially 
expressed nucldc add molecules comprising the pain-spedfic mi^ Theantisense 
molecules may then be used to inhibit the expression o( for example, nucldc add sequences 
whidi have been identified, using the above methods, as being iq>regulated (i.e., by at least 1.4 
fold) in an animal subjected to pain. 

The invmtion also provides for a pain-specific microarray comprising nucldc adds 
sequences which have been idralified and verified as bdng differentially expressed in an anii 
subj ected to pain, wherein the sequences stably assodated wifli the array are obtained fiom at 
least two dififerentspedes of animal. In a prefeired embodiment, a pain-spedfic microarray 
usefiil in the present invention comprises at least one polynucleotide shown in Table 2, 3, 4, or 5 , 
and may optionally forther comprise one or more of the polynucleotides shown in Table 1. Such 
arrays may also be used for prognostic methods to monitor an animal's response to then^y . In 
one embodiment, the above pain-specific microarrays are used to identify a fiierq)eutic agent that 
changes (e.g., increases or decreases) the level of ejqjiession of at least one polynucleotide 
sequence that is differentially expressed (i.e., by at least 1.4 fold, or at least 1.2 fold in 
combination with a p-value of less than 0.05 in triplicate analysis) in sensory neurons in an 
animal subjected to pain. 

The nucldc add samples that are hybridized to and analyzed with a pain-specific 
microarray of the invention are preferably doived fiom sensory neurons of an animal subjected 
to pain (or from a naive control animal). More preferably, die nucldc add samples are obtained 
fiom primary sensory neurons of the dorsal root ganghon. A limitation for this procedure lies in 
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the amount of RNA aWDable for use as a probe nucleic acid sample, ^feferably, at least 1 
microgram of total RNA is obtained for use according to tms mvennon. 

Construction of a pain-specific microarray 

An aspect of the present invention incoiporates the previously identified differCTtially 
regulated nucleic add sequences into a pain-specific polynucleotide microarray. In the present 
methods, an array of nucleic acid m^bers stably associated with the sur&ce of a substantially 
planar solid support is contacted witii a sample comprising probe polynucleotides obtained fix>m 
an animal subj ected to pain, or fix>m a n^e animal under hybridization conditions sufficient to 
produce a hybridization pattern of conq)lemeDtary nucleic acid members/probe complexes. 

The nucleic acid members may be produced usmg established techniques such as 
polymerase chain reaction (PGR) and reverse transcription (RT). For example once a nucleic 
add sequence has been identified as being differentially expressed in an animal subj ected to 
pain, the sequence may be amplified fix>m die originally obtained RNA sanQ)le by RT-PCR, 
wherem the amplified product may be used to construct a pain-spedfic microarray. These 
me&ods are shnilar to those currency known in die art (see e.g. PGR Strate^es, Michael A. 
lonis (Editor), et aL (1995) and PGR: Introduction to Biotechmques Series, C. R. Newton, A 
Graham (1997)). Amplified polynucleotides are purified by methods well known in the art (e.g., 
column purification or alcohol predpitation). A polynucleotide is considered pure when it has 
been isolated so as to be substantially firee of primers and inconq>lete products produced during 
the synthesis of the desired polynucleotide. Preferably, a purified polynucleotide will also be 
substantially firee of contaminants which may hinder or otherwise mask the binding activity of 
the molecule. 

A pain-specific microarray according to the mvendon conqxrises a plurality of unique 
polynucleotides attadied to one sur&ce of a solid siq)port at a density exceeding 20 different 
polynucleotides/cm^ wherein each of the polynucleotides is attadied to the sur&ce of the solid 
siq>port m a non-identical preselected region. Bach assodated sample on the array comprises a 
polynucleotide composition, of known identity, usually of known sequence, as described in 
greater detail below. Any concdvable substrate may be employed in the invention. In one 
embodiment, the polynucleotide attached to the sur&ce of the solid siq)port is DNA In a 
preferred embodiment, the polynucleotide attached to the surface of the soUd siq)port is cDNA or 
RNA. In another preferred embodiment, the polynucleotide attached to the sur&ce of the solid 
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si^port is cDNA synflRized by polymerase chain reaction (PGR). PWierably, a nucldc acid 
member conD^rising an array, according to Reinvention, is at least 25 nucleoti In 
one embodiment, a nucleic acid member comprising an array is at least 150 nucleotides in 
length. Preferably, a nucleic acid m^ber conq)rising an array is less tiian 1 000 nucleotides in 
lengtL More preferably, a nucleic acid member comprising an array is less than 500 nucleotides 
inlengOL In one embodiment, an array comprises at least 10 different poly^ 
toonesur&ceofthesolidscqpporL In anotibier embodiment, the array conqnises at least 100 
different polynucleotides attadied to one sur&ce of the solid siqiport Jn yet another 
embodiment, tibe array cornprises at least 10000 different polynucleotides attached to one sur&ce 
of the solid sapporL 

In the arrays of the invention, the polynucleotide compositions are stably associated with 
the surface of a solid support, wherein the siqiport maybe a flexible or rigid solid support By 
"stably associated" is meant tiiat each nucleic acid member maintains a umque position relative 
to the soUd support under hybridization and washing conditiori^ As such, the samples are non- 
covalmtly or covalently stably associated with tibie siq>port sur&ce. Bxanq)les of non-covalent 
association include non-specific adsorption, blading based on electrostatic interactions (e.g., ion 
pair interactions), hydrophobic ioteractions, hydrogen bonding interactions, specific binding 
througih a specific binding pair member covalently attadied to the siq[}port surface, and the like. 
Exanq>les of covalent binding include covalent bcmds formed between the polynucleotides and a 
fimctional group preset on the surface of the rigid sqiport (e.g., --OH), where the functional 
groi^ may be naturally occurring or present as amranber of an introduced linking gioiq>, as 
described in greater detail below 

The amount of differentially expressed polynucleotide present in each composition will 
be sufiQcient to provide for adequate hybridization and detection of probe polynucleotide 
sequences during the assay in which tiie array is eaq)loyed. Generally, the amount of each 
nucleic acid member stably associated witb the solid support of the array is at least about 0.1 ng, 
preferably at least about 0.5 ng and more preferably at least about 1 ng, where the amount may 
be as high as 1 000 ng or high^, but will usually not exceed about 20 ng. Where the nucleic acid 
member is '^spotted" onto tiie solid support m a spot comprising an overall circular dimension, 
the diameter of the "spof will generally range from about 10 to 5,000 pm, usually from about 20 
to 2,000 pm and more usually fix)m about 50 to 1000 pm. 
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Control nuclelPBcid members may be present on the array mcMBmg nucleic acid 

members comprising oligonucleotides or polynucleotides corresponding to genomic DNA, 

housdceeping genes, vector sequence, plant nucleic acid sequence, negative and positive control 

genes, and tbe like. Control nucleic acid members are calibrating or control genes whose 

function is not to tell whether a particular "key" gene of interest is expressed, but rather to 

provide other useful information, such as background or basal level of expression. 

Other control polynucleotides are spotted on the array and used as probe expression 
control polynucleotides and mismatch control nucleotides to monitor non-specific binding or 
cross-hybridization to a polynucleotide in the sample other than the target to which the probe is 
directed. Mismatch probes thus indicate whether a hybridization is specific or not. For example, 
if the tar^ is present, the perfectly matched probes should be consistently brighter tiban the 
mismatched probes. 

Solid substrate 

An array according to the invention comprises dfiier a flexible or rigid substrate. A 
flexible substrate is capable of being bent, folded or similarly manipulated without breakage. 
Exanq)les of solid materials which are flexible solid supports with respect to the present 
invention include membranes, e.g., nylon, flexible plastic fihns, and the like. By "rigid" is meant 
that the si^port is solid and does not readily bend, i.e., fiie support is not flexible. As such, ttxc 
rigid substrates of the subject arrays are sufficient to provide physical siqyport and structure to 
the associated polynucleotides present thereon under the assay conditions in which the array is 
employed, particularly under hi^ througjbput handling conditions. 

The substrate may be biological, non-biological, organic, inorganic, or a combination of 
any of these, existing as particles, strands, precipitates, gels, sheets, tubing, spheres, containers, 
c^illaiies, pads, slices, fihns, plates, slides, etc. The substrate may have any convenient sbspo, 
suchasadisc, square, sphere, circle, etc. The substrate is preferably flat or planar but may take 
on a variety of alternative sur&ce configurations. The substrate may be a polymerized Langmuir 
Blodgett film, fimctionalized glass. Si, Ge, GaAs, GaP, SiOa, SIN4, modified silicon, or any one 
of a wide variety of gels or polymers such as (poly)tetrafluoroethylene, 

(poly)vinylidenedifluoride, polystyrene, polycarbonate, or combinations thereof. Other substrate 
materials wUl be readily apparent to those of skill in the art xspon review of this disclosure. 
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In a preferred^Rbodiment the substrate is flat glass or single^^rstal silicon. According 
to some embodiments, the surface of the substrate is etched using well known techniques to 
provide for desired surface features. For example, by way of the formation of trenches, v- 
grooves, mesa structures, or the like, the synthesis regions may be more closely placed within the 
focus point of inq>ingjng light, be provided with reflective "minor*' structures for maximization 
of light collection firom fluorescent sources, etc. 

Surfaces on the solid substrate will usually, thougjbi not always, be composed of tilie same 
material as the substrate. Alternatively, Ae sur&ce may be composed of any of a wide variety of 
materials, for exanq)le, polymers, plastics, resins, polysaccharides, silica or silica-based 
materials, carbon, metals, inorganic glasses, membranes, or any of the above-listed substrate 
materials. In some embodiments the sur&ce may provide for the use of caged binding members 
¥^ch are attached firmly to the sur&ce of the substrate. Preferably, the sur&ce will contain 
reactive groups, which are carboxyl, amino, hydroxyl^ or Hie like. Most preferably, the surface 
will be optically transparmt and will have sur&ce Si-OH fimctionalities, such as are found on 
silica sur&ces. 

The surface of the substrate is preferably provided with a layer of linker molecules, 
although it will be understood that the linker molecules are not required elemmts of the 
invention. The linker molecules are preferably of sufficient length to permit polynucleotides of 
the invention and on a substrate to hybridize to other polynucleotide molecules and to interact 
fi:eely wifii molecules exposed to the substrate. 

Often, the substrate is a silicon or glass sur&ce, (poly)tetrafluoroethylene, 
(poly)vinyhdendifluoride, polystyrene, polycarbonate, a charged membrane, such as nylon 66 or 
nitrocellulose, or combinations thereof. In a preferred embodim^t, the solid support is glass. 
Preferably, at least one surface of the substrate will be substantially flat Preferably, the surfece 
of the solid siqjport will contain reactive groiq)s, including, but not limited to, carboxyl, amino, 
hydroxyl, thiol, or the like. In one embodiment, the surface is optically transparent In a 
preferred embodiment, the substrate is a poly-lysine coated slide or Gamma amino propyl silane- 
coated Coming Microarray Technolgy-GAPS. 

Any solid siq>port to which a nucleic acid member may be attached may be used in the 
invention. Examples of suitable solid support materials include, but are not limited to, silicates 
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such as glass and sili&rgel, cellulose and nitrocellulose p^ers, nylod^blystyrene, 
polymetfaacrylate, latex, rubber, and fluorocarbon resins such as THbLUN^^. 

The solid support material may be used in a wide variety of shapes including, but not 
limited to slides and beads. Slides provide several functional advantages and thus are a preferred 
form of solid support. Due to their flat sur&ce, probe and hybridization reagents are minimized 
using glass slides. Slides also enable the targeted application of reagents, are easy to keep at a 
constant temperature, are easy to wash and facilitate the direct visualization of RNA and/or DNA 
immobilized on the soUd support Removal of KNA and/or DNA immobilized on the soUd 
support is also £unlitated using slides. 

The particular material selected as the solid support is not essential to the invention, as 
long as it provides the described functioiL Normally, those who make or use the invention will 
select the best commercially available material based upon the economics of cost and 
availability, the expected application requirements of the final product, and the demands of the 
overall manufacturing process. 

Spotting method 

The invention provides for arrays wherein each nucldc acid member comprising the 
array is spotted onto asolid sqjport 

Preferably, spottmg is carried out as follows, PGR products (-40 ul) of cDNA clones 
obtained fix>m animals subjected to pain, in the same 96-well tubes used for amplification, are 
precipitated with 4 ul (1/10 volinne) of 3M sodium acetate (pH 5.2) and 100 ul (2.5 volumes) of 
etfaanol and stored overnight at -ZO^'C. They are then centrifuged at 3,300 ipm at 4^C for 1 hour. 
The obtained pellets are washed with 50 ul ice-cold 70% ethanol and centri&ged again for 30 
minutes. The peUets are then air-^ed and resuq)endedweUm20ul3XSSC overnight The 
samples are then spotted, either smgly or in duplicate, onto poljiysine-coated slides (Sigma Cat 
No. P0425) using a robotic GMS 417 arrayer (Af^etrix, CA). 

The boundaries of the spots on the microarray are madced with a diamond scriber (note 
that the spots become invisible afl^ post-processing). The arrays are rehydrated by suspending 
the slides over a dish of warm particle firee ddH20 for approximately one minute (the spots wdll 
swell slightly but will not run into each other) and snq)-dried on a 70-80°C inverted heating 
block for 3 seconds. Nucleic add is then UV crosslinked to the slide (Stratagene, Stratalinker, 
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65 mJ- set display t(PC50" which is 650x1 00 uJ). The arrays are tIBfced in a slide rack. An 
empty slide chamber is prqpared and filled with the following solution: 3.U grams ot succuuc 
anhydride (Aldrich) was dissolved in 189 ml of l-methyl-2-pyrTolidinone (xBpid addition of 
reagqnt is crucial); immediately after the last flake of succinic anhydride is dissolved, 21.0 ml of 
0.2 M sodium borate is mixed in and ttie solution is poured into the slide chamber. The slide 
rack is plunged rapidly and evenly in flie slide chamber and vigorously shaken up and down for a 
few seconds, making sure the slides never leave the solution, and then mixed on an orbital 
shaker for 15-20 minutes. The slide rack is then gently plunged in 95''C ddHaO for 2 minutes, 
followed by plunging five times in 95% etfaanol. The shdes are flien air dried by allowing excess 
ettianol to drip onto paper towels. The arrays are then stored in the slide box at room 
tenq)erature until use. 

Numerous methods may be used for attachment of the nucleic add members of the 
invention to the substrate (a process referred as spotting). For example, polynucleotides are 
attached using the techniques o^ for example U.S. Fat No. 5,807,522, which is incorporated 
herein by reference for teaching methods of polymer attadunmt 

Alternatively, spotting may be carried out using contact printing technology. 

Kits 

The invaition provides for kits for performing expression assays usmg the pain-specific 
arrays ofthe present invention. Such kits accordiiig to the present invention will at least 
conq>rise the pain-spedfic arrays ofthe invention having associated difierratially expressed 
nucleic add members and packaging means therefore. The kits may fiirther comprise one or 
more additional reagents enq>loyed in the various meOiods, such as: 1) primers for genearating 
test polynucleotides; 2) dNTPs and/or rNTPs (dther premixed or sq>arate), optionally with one 
or more uniquely labeled dNTPs and/or rNTPs (e.g., biotinylated or Cy3 or Cy5 tagged dNTPs); 
3) post synthesis labeling reagents, such as chemically active derivatives of fluorescent dyes; 4) 
enzymes, such as reverse transcriptases, DNA polymerases, and tiie like; 5) various buffer 
mediums, e.g., hybridization and washing buffers; 6) labeled probe purification reagents and 
components, like spin columns, etc.; and 7) signal generation and detection reagents, e.g., 
str^tavidin-alkaline phosphatase conjugate, chemifluorescent or chemiluminescent substrate, 
and the like. 



Therapeutic agents an d Snrfienin je: Methods 
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The present idVChtion provides a number of potentially theiaURIiic compounds which 
may be used to modulate the expression of geaes which are dififerentially Expressed in an animal 
subjected to pain, or which may be used to modulate the activity of a protein encoded by a 
differentially expressed polynucleotide sequence of the invention, or which may be used to 
modulate pain in an mmsH. Sudi ther^eutic agents include, but are not limited to a chemical 
compound, aprotein, an antibody, KNAi, and an antisense nucleic acid. In a fiirQier aspect, the 
invention provides a metiiod for screening potentially therapeutic agents for the ability to 
modulate the expression of genes which are difiereutially expressed in an animal subj ected to 
pain, and fiirfher provides pharmaceutical fimnulations comprising tiie therapeutic ag^ts. In a 
still fiirtiier CTbodiment, the present invention provides a method of screening potentially 
therq>eutic agents for the ability to modulate the activity of one or more polypeptides encoded 
by one or more of the polynucleotide sequences indicated in Tables 1, 2, 3, 4, or 5. 

ThercpeuticA^nis 

A therapeutic agent, usefiil in the present invention, changes (e.g., increases or decreases) 
the level of expression of at least one polynucleotide sequence that is diffCTmtially expressed in 
an animal subjected to pain. Preferably, a therapeutic agent causes a change in the level of 
expression of a polynucleotide sequence, that is, to increase or decrease the expression of a 
polynucleotide sequence that is differentially e^qpressed in an animal subjected to pain, wherein 
the change results in the differentially expressed sequence being no longer differentially 
expressed by at least 1 .4 fold (or differentially expressed by 1 .2 fold in combination witii a 
statistical significance of pO.OS in at least three rq)licate assays) relative to the expression of 
the same sequence in a naive animal. 

In another embodiment, a ther^eutic agent according to the invention can modulate the 
activity of one or more of the polypeptides specifically indicated in Tables 1, 2, 3, 4, or 5, or 
encoded by one or more of the polynucleotide sequences of Tables 1, 2, 3, 4, or 5. 

In another embodiment, a therapeutic agent according to the invention can ameliorate at 
least one of the symptoms and/or physiological changes associated with pain including, but not 
limited to mechanical allodynia and hyperalgesia, and temperature allodynia and hyperalgesia 

The candidate then^eutic agent may be a synthetic compound, or a mixture of 
conq>ounds, or may be a natural product (e.g. a plant extract or culture stQ>ema^t). According 
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to the invention, a fhdn^utic agent or compound can be a candidate Wtest conqK)und 
Similarly, according to the invention, a candidate or test compoiuui can oe a mer^uuc agent. 



Suitable test compounds for use in the screening assays of the invention can be obtained 
fix>m any suitable source, e.g., convmtional compound libraries. The test compounds can also be 
obtained using any of the numerous approaches in combinatorial library methods known in the 
art, mcluding: biological libraries; spatially addressable parallel soUd phase or solution phase 
libraries; synthetic library methods requiring deconvolution; the "one-bead one-compoimd" 
library method; and synthetic Ubrary methods using afSnity chromatogr^hy selection. The 
biological library approBch. is limited to peptide libraries, \diile the other four ^roaches are 
appHcable to peptide, non-peptide oligomer or small molecule libraries of compounds [Lam, 
(1997)]. Examples of methods for the synthesis of molecular libraries can be found in the art 
Libraries of compounds may be presented in solution or on beads, bacteria, spores, plasmids or 
phage. 

Candidate therapeutic agents or compounds from large libraries of synthetic or natural 
compounds may be screened as described below. Numerous means are currently used for 
random and directed synQiesis of saccharide, peptide, and nucleic add based compoimds. 
Synthetic conqiound libraries are commercially available &om a number of companies inclui ^ 
Maybridge Giemical Co. (Trevillet, Cornwall, UK), Comgenex (Princeton, NJ), Brandon 
Associates (Merrimack, NH), and Microsource (New Milford, CT). A rare chemical library is 
available fiom Aldrich (Milwaukee, WI). Combinatorial libraries are available and are prepared. 
Alteniatively, libraries of natural compounds in the fomi of bacterial, fungal, plant and animal 
extracts are available fix>m e.g.. Pan Laboratories (Bothell, WA) or MycoSearch (NQ, or are 
readily produced by methods well known in the art Additionally, natural and synthetically 
produced libraries and compounds are readily modified through conventional chemical, physical, 
and biochemical means. 

Small Molecules 

Useful compounds may be found within numerous chemical classes. Useful compounds 
may be organic compounds, or small organic compoimds. Small organic compoimds, or "small 
molecules" have a molecular weigjit of more than 50 yet less than about 2,500 daltons, 
preferably less than about 750, more preferably less than about 350 daltons. Bxenq)lary classes 
include heterocycles, pq)tides, saccharides, steroids, and the like. Small molecules can be 
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nucleic acids, peptid^^olypeptides, peptidomimetics, caibohydrateSnnids or other organic 
(caibonKX)ntaining) or inorganic molecules. The compounds may be mooifii^ to e^^ 
efiScacy, stability, pharmaceutical compatibility, and the like. Structural identification of an 
agent may be used to identify, generate, or screen additional agents. For example, where pq>tide 
agents are identified, th^ may be modified in a variety of ways to enhance their stability, such 
as usii^ an unnatural amino acid, such as a I>-amino add, particularly D-alanine, by 
fimctionalizmg the amino or caiboxylic temounus, e.g. for the amino groiq>, ac^iation or 
alkylation, and for the carboxyl groiqp, esterification or amidification, or fbe like. 

Antisense therapy 

In one embodiment, a ther^eutic agent, according to the invention, can be a 
differmtially expressed nucleic add or a sequence complementary thereto, useful in antisense 
ther^y. The antisense sequence of a polynucletoide which is dififerentially expressed in an 
animal subjected to pain may be determined using the dther the sequence indicated by accession 
number in tables 4*5, or the sequence of the rat and/or human differentially expressed sequences 
shown in Table 2-3 as set forth in the corresponding SEQ ID No. As used herein, antis^ise 
ther^y refers to administration or in situ generation of oligonucleotide molecules or their 
derivatives whidi specifically hybridize (e.g., bind) under cellular conditions with the celluk. 
mKNA and/or genomic DNA, thereby inhibiting transcription and/or translation of that gene. 
The binding may be by conventional base pair complementarity, or, for example, in the case of 
binding to DNA diq>lexes, through specific interactions in the major groove of the double helix. 
In general, andsense ther^y refers to the range of tedmiques generally employed in the art, and 
includes any therq>y \^di relies on specific binding to oli^nucleotide sequences. 

An antisense construct of the present invention can be delivered, for example, as an 
expression plasmid which, when transcribed in ttie cell, produces RNA which is complementary 
to at least a unique portion of the cellular mRNA identified as being differentially e>q>ressed in 
an animal subjected to pain. The construction and use of expression plasmids is desoibed above - 
and may be adapted by one of skill in the art to include expression plasmids or vectors 
conyxrising anitsense oligonucleotides. Alternatively, the antisense construct is an 
oligonucleotide probe which is generated ex vivo and t^ch, ^en introduced into the cell, 
causes inhibition of expression by hybridizing with the mKNfA and/or genomic sequraces of a 
differentially expressed nucldc add. Sudi oligonucleotide probes are preferably modified 
oligonucleotides which are resistant to endog^ous nucleases, e.g., exonucleases and/or 
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endonucleases, and aWBierefore stable in vivo. Exemplary nucleic alSff molecules for use as 
antisense oligonucleotides are phosphoramidate, phosphoix)thioaie ana methylphosphonate 
analogs of DNA (see also US. Patents 5,176,996; 5,264,564; and 5,256,775). Additionally, 
general ^loaches to constructing oligomers useful in antisense tbierapy have been reviewed, for 
example, by Van der Krol et al. (1988) BioTedmiques 6:958-976; and Stein et al. (1988) Cancer 
Res 48:2659-2668. "With respect to antisense DNA, oli^deoxyribonucleotides derived fiom the 
translation initiation site, e.g., between the -10 and +10 regions of the nucleotide sequence of 
interest, are preferred 

Antisense approaches involve the design of oligonucleotides (either DNA or KNA) that 
are CQnq>lementary to mKNA (i.e., dififermtially expressed mRNA). The antisense 
oUgonucleotideswiU bind to the mRNA transcripts and prevent Absolute 
complCTiffltarity, altfiougji prefored, is not required. In the case of double-stranded antisense 
nucleic adds, a smgle strand of the diq>lex DNA may thus be tested, or tiq>lex formation may be 
assayed. The abiUty to hybridize wiUdq>end on both the degree ofcomplementarityazid the 
length of the antisense nucleic acid. Gmerally, the longer the hybridizing nucldc add, the more 
base mismatches with an KNA it may contain and still form a stable diq>lex (or triplex, as the 
casemaybe). One skiUed in the art can ascertain a tola:able degree of nusniatch by iiseo 
standard procedures to determine the melting point of the hybridized conq)lex. ' 

Oligonucleotides that are complementary to the 5' end of the differentially repressed 
mKNA, e.g., the 5* untranslated sequence up to and including the AUG initiation codon, should 
work most effidendy at inhibiting translation. However, sequences complementaryto the 3' 
untranslated sequences of mKNAs have recmtly been shown to be efifective at inhibiting 
translation of mRNAs as well. (Wagner, R. 1994. Nature 372:333). Therefore, oligonucleotides 
conopIemCTtary to either the 5' or 3' untranslated, non-coding regions of a gene could be used in 
an antisense qypn)ach to inMbit translation of endogenous mRNA. Oligonucleotides 
complementary to the 5' untranslated region of the mSNA should jmclude the complement of the 
AUG start codoiL Antisense oligonucleotides complemratary to mKNA coding regions are 
typically less effident inhibitors of translation but could also be used in accordance witti the 
inventioiL Whether designed to hybridize to the 5', 3', or coding region of subject mRNA, 
antisense nucleic acids should be at least six nucleotides in length, and are preferably less than 
about 100 and more preferably less than about 50, 25, 17 or 10 nucleotides in length. 
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The oligonucllTOdes can be DNA or RNA or chimeric mixtures or derivatives or 
modified versions thereof^ single-stranded or double-strandedl The oligonucleotide can be 
modified at the base moiety, sugar moiety, or phosphate backbone, for example, to improve 
stability of the molecule, hybridization, etc. The oligonucleotide may include other appended 
groups such as pq>tides (e.g., for targeting host cell receptors), or agents jbdlitatrng transport 
across the cell membrane (see, e.g., Letsinger ^ a/., 1989, Proc. NatL Acad ScL U.S A. 
86:6553-6556; Lemaitre et al., 1987, Pioc. Natl. Acad. Sci. 84:648-652; PCT PnbUcation No. 
WO 88/098 10, published December 15, 1988) or the blood-bram barrier (see, e.g., PCT 
Publication No. WO 89/10 134, published April 25, 1988), hybridization-triggered cleavage 
agents (See, e.g., Krol ei a/., 1988, BioTechniques 6:958-976), or intercalating agents (See, e.g., 
Zon, 1988, Pharm. Res. 5:539-549). To this end, the oligonucleotide maybe conjugated to 
another molecule^ e.g., a peptide, hybridization triggered cross-linking agent, transport agent, 
hybridization-triggered cleavage agent, etc. 

The antisense oligonucleotide may conoprise at least one modified base moiety which is 
selected fipom the group including but not limited to 5-fluorouracil, 5-bromouracil, 5- 
chlorouracil, 5-iodouracil, hypoxanthine, xantine, 4-acetylcytosine, S-(caibox^ydroxytriethyl) 
uracil, 5-caiboxymethylaminQmefhyl-2-1]iiouridine, 5-carboxymeth^aminomethylm:acil, 
dihydrouracil, beta-D-galactosjdqueosine, inosine, N6-isopentenyladen]ne, 1-methylguanine, 1- 
methylinosine, 2,2-dimeth^guanine, 2-methyladenine, 2-melhylguanine, 3-methylcytosine, 5- 
methylcytosine, N6-adenine, 7-methylguanine, 5-methylaminometh^uracil, 5- 
methoxyaminomefhyl-2-thiouracil, beta-D-mannosylqueosine, 5-metfaoxycaiboxymethyluracil, 
5-methoxyuracil, 2-methylfhio-N6-isopenten^adenine, uracil-5-oxyacetic acid (v), 
wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-fhiouracil, 2-1hiouracil, 4- 
thiouracil, 5-meth)duracil, uracil-5- oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 5- 
methyl-2-fhiouracil, 3-(3-anfuno-3-N-2-caiboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. 

The antisense oUgonucleotide may also comprise at least one modified sugar moiety 
selected fix>m the group including but not limited to arabinose, 2-fluoroarabinose, x^ulose, and 
hexose. 

The antisense oligonucleotide can also contain a neutral pq)tid&-like backbone. Such 
molecules are temied peptide nucleic acid (PNA)-oligomers and are described, e.g., in Peny- 
O'Keefe et al (1996) Proc. Nafl. Acad. Sd. U.S A. 93:14670 and in Eglom et al (1993) Nature 
365:566. One advantage of PNA oligomers is their o^ability to bind to complementary DNA 
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essentially independemy fiom tibie ionic strength of the medium due IRhe neutral backbone of 
the DNA. In yet another embodiment, fho antisense oligonucieotiae comprises at least one 
modified phosphate backbone selected fiom the groiq) consisting of a phosphorothioate, a 
phosphorodithioate, a phosphoramidothioate, aphosphoramidate, aphosphordiamidate, a 
methyiphosphonate, an aOsyl phosfphotiiester, and a fonnacetal or analog thereo£ 

In yet a further embodiment, the antisense oUgonucleotide is an a-anomeric 
oligonucleotide. An a-anomeric oligonucleotide forms specific double-stranded hybrids with 
complementary RNA in which, contrary to the usual n-units, the strands run parallel to each 
other (Gautier et al, 1987, NucL Acids Res. 15:6625-6641). The oligonucleotide is a 2'-0- 
methybibonucleotide (Ihoue ei aL, 1987, NucL Acids Res. 15:6131-12148), or a chimeric RNA- 
DNA analogue (Jnoue ei al., 1987, FEBS Lett 215:327-330). 

Oligonucleotides of the invention may be synthesized by standard meOiods known in the 
art, e.g., by use of an automated DNA synthesizer (such as are conimercially available fiom 
Biosearch, Applied Biosystems, etc.) based on the known sequence of the differentially 
expressed nucleic acid sequences. As examples, phosphorothioate oligonucleotides maybe 
synthesized by the method of Stein et al, (1988, Nucl. Acids Res. 16:3209), methylphosphonate 
olgonucleotides can be prepared by use of controlled pore glass polymer supports (Sarin et al.y 
1988, Proc. NatL Acad. Sci. USA. 85:7448-7451), etc. 

While antisense nucleotides complementary to a coding region sequence can be used, 
those complementary to the transcribed untranslated region and to the region comprising tiie 
initiating metiiionine are most preferred. 

The antisense molecules can be delivered to cells which express the target nucleic add in 
vivo. A number of metihods have bem developed for delivering antisoise DNA or RNA to cells; 
e.g., antisense molecules can be injected directiy into the tissue site, or modified antisense 
molecules, designed to target tiie desired cells (e.g., antisense linked to peptides or antibodies 
that specifically bind receptors or antigens expressed on the target cell surface) can be 
administered systemically. 

However, it is ofien difficult to achieve intracellular concentrations of the antisense 
sufficient to siq>press translation on Oogenous mRNAs. Therefore, a preferred ^roach 
utilizes a recombinant DNA construct in which the antisense oligonucleotide is placed under the 
control of a strong pol m or pol n promoter. The use of such a construct to transfect target cells 
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in an animal will resiURb the transcription of sufficient amounts of sfl^e stranded RNAs that 

will form complementary base pairs with the endogenous iranscnpis anu mereoy prevent 

translation of the target mRNA, For example, a vector can be introduced in vivo such that it is 

taken up by a cell and directs the transcription of an antisense SNA. Such a vector can remain 

episomal or become chromosomally integrated, as long as it can be transcribed to produce the 

desired antisense RNA. Such vectors can be constructed by recombinant DNA technology 

methods standard in the art, combined with those described above. Vectors can be plasmid, 

viral, or others known in the art for replication and expression in mammalian cells. Expression 

of the sequence encoding the antisense SNA can be by any promoter known in the art to act in 

animal, pr^erably mammalian cells. Such promoters can be inducible or constitutive. Such 

promoters include but are not limited to: the SV40 early promoter region (Bemoist and 

Chambon, 1981, Nature 290:304-3 10), the promoter contamed in flie 3' long terminal repeat of 

Sous sarcoma virus (Y amamoto et al., 1980, Cell 22:787-797), the heipes thymidine kinase 

promoter (Wagner et al., 1981, Proc. Natl. Acad. Sci. U.S.A. 78:1441-1445), the regulatory 

sequences of the metallothionein gene (Brinster et at, 1982, Nature 296:39-42), etc. Any type of 

plasmid, cosmid, YAC or viral vector can be used to prq>are flie recombinant DNA construct 

which can be introduced directly into the tissue site; e.g., the spinal cord, or dorsal root ganglion. 

Alternatively, viral vectors can be used which selectively infect the desired tissue (e.g., for brain, 

herpesvirus vectors may be used), in which case administration may be accomplished by another 

route (e.g., systemically). 

Ribozymes 

In another aspect of flie invention, ribozyme molecules designed to catalytically cleave 
target mSNA transcripts can be used to prevent translation of target mSNA and expression of a 
target protem (See, e.g., PCT International Publication WO90A1364, published October 4, 1990; 
Sarver et al., 1990, Science 247:1222-1225 and U.S. Patent No. 5,093,246). While ribozymes 
that cleave mSNA at site specific recognition sequences can be used to destroy target mSNAs, 
the use of hammeifaead ribozymes is preferred. Hammohead ribozymes cleave mSNAs at 
locations dictated by flanking regions that form complementary base pairs with the target 
mRNA. The sole requirement is that the target mSNA have the foUowingseqi^^ 
bases: 5'-UG-3'. Sibozymes,useM in the present uivention may be designed based on the 
known sequ^ce of the nucleic acid sequence identified as being differentially expressed in an 
animal subjected to pain as desoibed above. The construction and production of hammeriiead 
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ribozymes is well kndili in the art and is descnbed more fully in HaSWbff and Gerlach, 1988, 
Nature, 334:585-591. Preferably the ribozyme is engmeerea so mat tue cleavage recogmuon site 
is located near the 5' end of the target mRNA; i.e., to increase efiSciency and minimize the 
intracellular accumulation of non-fimctional mKNA transcripts. 

The ribozymes of the present invention also include RNA endoribonucleases (hereinafter 
"Cech-type ribozymes*^ such as the one \^ch occurs naturally in Tetrahymena thermophila 
(known as the IVS, or Lrl9 IVS RNA) and which has been extensively described by Thomas 
Cech and collaborators (Zaug, et al., 1984, Science, 224:574-578; Zaug and Cech, 1986, Science, 
231:470-475; Zaug, et al., 1986, Nature, 324:429-433; published Litemational patent ^Ucation 
No. W088/04300 by University Patents Inc.; Been and Cech, 1986, Cell, 47:207-216). The 
Cech-type ribozymes have an eight base pair active site \^ch hybridizes to a target SNA 
sequence whereafter cleavage of the target KNA takes place. The invention enconq)asses those 
Cech-^e ribozymes which target eight base-pair active site sequences that are preset in a 
target gene. 

As in the antis^e s^roach^ the ribozymes can be composed of modified 
ohgonucleotides (e.g., for improved stability, targeting, etc.) and should be deUvered to cells 
which express the target gene in vivo. A preferred method of deUvery involves using a DNA 
construct "encoding" the ribozyme under the control of a strong constitutive pol m or pol U 
promoter, so &at transfected cells will produce sufficient quantities of the ribozyme to destroy 
endogenous messages and inhibit translation* Because ribozymes, unlike antisense molecules, 
are catalytic, a low^ intracellular concentration is required for efficiency. 

Antisense RNA, DNA, and ribozyme molecules of the invention may be prq)ared by any 
method known in the art for the synthesis of DNA and RNA molecules. These include 
techniques for chemically synthesizing oligodeoxyribonucleotides and oUgoribonucleotides well 
known in the art such as for example solid phase phosphoramidite chemical synthesis. The 
sequences of the antisense and ribozyme molecules will be based on die known sequence of the 
dififerentially expressed nucleic acid molecules. Alternatively, RNA molecules may be 
generated by in vitro and in vivo transcription of DNA sequences encoding the antisense RNA 
molecule. Such DNA sequences may be incorporated into a wide variety of vectors which 
incorporate suitable RNA polymerase promoters such as the T7 or SP6 polymerase promoters. 
Alternatively, antisense cDNA constructs that synthesize antisense RNA constitutively or 
inducibly, depending on the promoter used, can be introduced stably into cell lines. 
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Moreover, vaflits well-known modifications to nucleic add fflWowdes may bjE^ 
introduced as a means of increasing intracellular stability and half-life. Possible modifications 
include but are not limited to the addition of flanking sequences of ribonucleotides or 
deoxyribonucleotides to the 5' and/or 3' ends of the molecule or the use of phosphorotiuoate or 
2' 0-methyl rather than phosphodiesterase linkages within the oligodeoxyribonucleotide 
backbone. 

RNAi therapy 

In another embodimrat, a therapeutic agent according to the invention can be a double 
stranded RNAi molecule Oat is specifically targeted to one or more of the polynucleotide 
sequences vAskh are differentially e3q)ressed in an animal subj ected to pain relative to an animal 
that is not subjected to pain (see Tables 1, 2, 3, 4, or S). As used herem, RNAi or RNA 
interference refers to the gene-specific, double stranded RNA (dsRNA) mediated, post- 
transcriptional silencing of gene expression as described in the review by Hannon, G., (2002) 
Nature 418, 244-250, which is herein incorporated in its entirety. Current experimental evidence 
indicates that RNAis specific for a target RNA are recognized and processed into 21 and 23 
nucleotide small interfering RNAs (siRNAs) by the Dicer RNase m endonuclease. SiRNAs are 
then incorporated into a RNA induced silencing complex (RISC) which becomes activated by 
unwinding of the diq)lex siRNA. Activated RISC complexes then promote RNA degradation and 
translation inhibition of the target RNA 

M mammals, RNAi ther^y, according to the invmtion, refers to g^e-spedfic 
suppression that can be achieved by generating siRNA (Elbashir, S. M. et al. (2001) Nature 
(London) 41 1, 494-498). In vitro synthesized siRNAs can be prepared by any method known in 
the art for the synthesis of RNA molecules. These include techniques for chemically 
synthesizing oligoribonucleotides that are well known in the art, for sample, solid phase 
phosphoramidite chemical synthesis. The sequences of the siRNA molecules are based on the 
known sequence of the differentially expressed nucleic acid molecules. Alternatively, slRNA 
molecules can be generated by the 17 or SP6 polymerase promoter drivm in vitro transcription 
of DNA sequences encoding the siRNA moleculcL In vitro synthesized siRNAs can be delivered 
to cells either by direct injection of in vitro synthesized siRNAs into the tissue site. Alternatively, 
modified siRNAs, designed to target the desired cells (via linkage to peptides or antibodies that 
specifically bind to cell surfice receptors or antigens), can be administered systemically. 
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In a preferred Bllbodiment, the siRNAs of the invention are dflPutd to a target cell as 
an expression plasmid imd^ the control of a RNA polymerase II or EI promoter. When 
transcribed in the cell, siRNA is generated whidi is complementary to a cellular mRNA 
identified as being differentially expressed in an animal subjected to pain. The construction and 
use of expression plasmids is described above and maybe ad^^ted by one of skill in the art to 
include siRNA expression plasmids. Such vectors can be constructed by recombinant DNA 
technology me&ods standard in the art, combined with those described above. Vectors can be 
plasmid, viral, or others known in flie art for rq)lication and e3q)ression in mammalian cells. 
Expression of the sequence encoding the siSNA can be by any promote known in the art to act 
in an animal, preferably mammalian cells. Such promoters can be inducible or constitutive. Such 
promoters inchide but are not limited to: the S V40 early promoter region (Bemoist and 
Chambon, 1981, Nature 290:304-3 10), the promoter contained in the 3* long temiinal repeat of 
Rous sarcoma virus (Yamamoto ei al., 1980, Cell 22:787-797), flie herpes thymidine kinase 
promoter (Wagner et aL, 1981, Proc. NatL Acad. ScL U.S.A. 78:1441-1445), the regulatory 
sequences of the metallofliionein gene (Brinster et at, 1982, Nature 296:39-42), etc as well as 
neural specific promoters, fi)r example the nestin promoter. Any plasmid, cosmid, YAC or viral 
vector can be used to prepare the recombinant DNA construct which can be introduced directly 
into the tissue site; e.g., the spinal cord, or dorsal root ganglion. Alt^iatively, viral vectors can 
be used which selectively infect the desired tissue (e.g., for brain, herpes virus vectors may be 
used), in which case administration may be accomplished by another route (e.g., systemically). 

Iq a pre&ned embodiment, the siSNA expression vectors of the invention are 
synthesized &am a DNA template under the control of an KNA polymerase m ^Pol m) promoter 
in transfected cells or transgenic animals (see below). Pol ID directs flie synthesis of small, 
noncoding transcripts i^ose 3' ends are defmed by teniiiiiatian within a stretch of 4-S 
thymidines (Ts) (Sui et al. PNAS (2002) vol. 99, 5515-5520). Addition of 3' overhangs 
contributes to the activity of siRNA synlhesized in vitro (Elbashir, S. M et al. (2001) Genes Dev. 
15, 188-200). Transfection of such a construct into target cells results in the transcription of 
sufGcient amounts of siRNAs to base pair with the ^dog^ous transcripts, promote its 
degradation and thereby prevent translation of the target mRNA. The vector can remain episomal 
or become chromosomally integrated. Altematively the construct may be incorporated into a 
viral vector such as herpes virus vectors as described iSi^pra. 
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An example cniiouse U6 pol m transcribed siRNA g^l22Pssio|!sld^<i is^hami helpsv 
where the 21 nucleotide sequence is specific for one or more of the differentially expressed 
sequences shown in Tables 1, 2, 3, 4, or 5 (see Sui et al. PNAS (2002) vol. 99, 5515-5520): 
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Stq^plementdl therapy 

The differoitially expressed nucleic add sequences described herein may exhibit eiflier 
increased or decreased e:q>ression. The antisense methods described above are directed 
primarily at inhibiting the eqiression of a differenti Alternatively, 
in the situation ^ere differential expression is manifested in a decrease in sequence e3q>ression, 
tihe undere3q)ressed sequence may be siqyplied to tfie animal in an expression vector as described 
above. If for exanqple, through the process of identifying and verifying the differential 
expression of nucleic add sequences obtained fix>m an anhnal subj ected to pain, a sequence is 
identified ^ch is expressed at a level at least 1 2 fold less than in a naive animal in at least 
three replicate analyses with a significance of p<0.05 (or, alternatively, at least 1.4 fold less), the 
sequence may be cloned into a suitable expression vector for expression of the sequence in &e 
animal subjected to pain. Either viral or non-viral gene delivery methods may be used to 
introduce the construct into the animal cells as described above. Briefly, the defiant sequence 
may be cloned into any e^qiression vector known in the art which is compatible with tiie animal 
cell into which it is mtended to be introduced, and which is enable of siqpporting expression of 
the recombinant sequence. The vector used may be chosen to replicate q)isomaly or may 
integrate in die cell chromosome, provided that dther mode of replication pennits the expression 
of the deficient nucldc add sequence. Further, any promoter sequence which is suffident to 
direct expression of the recombinant sequence may be used in the vector to direct e}q)ression of 
the sequence. In a preferred embodiment, the promoter is constitutively active in the animal, 
given that the goal is to attam a level of gene repression sujffident to replace the deficientiy 
expressed sequence. In a fiirdier preferred embodiment, the promoter is a neuron-q>ec^^ 
promoter. Vectors comprising the defident sequence may be introduced into cells of the animal 
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subjected to pain usin^any technique known to tiiose of skill in the amhcluding, but. npt Ipaited 
to microinjection and viral delivery. 

Similarly, those proteins which are encoded by polynucleotide sequences which are 
differentially expressed as indicated in Tables 1, 2, 3, 4, or 5, and which are also indicated in the 
column labeled "subcellular localization" (i.e., in Table 2) as bemg a secreted protein, may be 
screened for fiheir ability to modulate the activity of one or more of the proteins indicated in 
Tables 1, 2» 3, 4, or 5, or screened for their ability to modulate pain in an animal 

Once a thenpeutic g^e is defined, whetiier it be an antisense molecule, ribozyme, or 
siqyplCTdental sequence, flie gene sequence is subcloned into a vector suitable fiir ttie purpose of 
gene therapy. Murine leukraiia vuus (MLV)-based retroviral vectors are one of the most widely 
used gene delivery vehicles in gene tiierapy clinical trials and have been employed in ahnost 
70% of proved protocols (Ali, M. et al.. Gene Uier., 1:367-384, 1994; Marshall, E., Science, 
269:1050-1055, 1995). Other useful vectors are also known in the art (e.g.. Carter and Samulski, 
2000, Int. J. Mol Med. 6:17-27; Leva- et al., 1999, Biochem, Soa Trans. 27: 841-7). Methods 
for gene ther^y of human diseases are described in U.S. Patent Nos. 6,190,907; 6,187,305; 
6,140,087; and 6,129,705. 

ScreeninR Assays 

Protein Activity Regulators 

Regulators as used herein, refer to compounds that affect the activity of a "differentially 
expressed protein" in vivo and/or in vitro. As used herein, the term "differentially expressed 
protein (or polypeptide)" will refer to the proteins of Table 1 , 2, 3, 4, or 5 that are encoded by 
sequences tiiat are differentially expressed in pain. Regulators can be agonists and antagonists of 
a differentially expressed polypeptide and can be conq)ounds that exert their effect on the 
differentially expressed protein activity via the enzymatic activity, esqnression, post-translational 
modifications or by other means. Agonists of a differentially expressed protein are molecules 
which, when bound to a differentially expressed protein, increase or prolong the activity of a 
differentially esqpressed protein. Agonists of a differentially expressed protein include proteins, 
nucleic acids, carbohydrates, small molecules, or any oflier molecule which activate a 
difftsrentially repressed protein. Antagonists of a differentially expressed protein are molecules 
which, when bound to a differentially expressed protein, decrease the amount or Ihe duration of 
the activity of a differentially expressed protein. Antagonists include proteins, nucleic adds. 
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carbohydrates, antibdoes, small molecules, or any other molecule wISRi de^easethe agtiyij^: of 
a "differentially expressed protein**. The activity of a differentially expressed protein, useful in 
the present mvention is indicated in Table 2, 3, 4, or 5 either directly in columns labeled 
^Identifier", "description'* and/or "protein type**, or may be inferred from tiie information 
provided in the column labeled "subcellular localization" (Table 2). For example, if a protein is 
localized to the cell membrane^ then one of skill in the art would be able to determine that the 
activity of such a protein would be that of a xecq)tor, for example, or an ion channel, and screen 
candidate conq)Ounds against tins protein activity accordingly. 

The term "modulate**, as it appears herein, refers to a change in die activity of a 
differentially expressed proteiiL For example, modulation may cause an increase or a decrease in 
enzymatic activity, binding diaracteristics, or any other biological, functional, or immunolo^cal 
properties of a differentially expressed protdn. 

As used herein, the terms "specific binding" or "specifically binding** ref^ to that 
interaction between a protein or peptide and an agonist, an antibody, or an antagonist The 
interaction is d^endent upon the presence of a particular structure of the protein recognized by 
the binding molecule (i.e., the antigenic determinant or epitope). For example, if an antibody is 
specific for epitope "A** the presence of a polypeptide containing the epitope A, or die presence 
of free unlabeled A, in a reaction containing fipee labeled A and the antibody will reduce the 
amount of labeled A that binds to the antibody. 

The invention provides methods (also referred to herdn as "screening assays**) for 
identifying compounds which can be used for the treatment of pain* The metiiods entail the 
identification of candidate or test compounds or agents (e.g., peptides, peptidomimetics, small 
molecules or other moleciiles) which bind to a differentially expressed protein and/or have a 
stimulatory or inhibitory effect on the biological activity of a differentially expressed protein or 
its expression and then determining which of these coinpounds have an effect on pain symptoms 
in an in vivo assay. 

Candi d ate or test conq)ounds or agents which bind to a differentially expressed protem 
and/or have a stimulatory or inhibitory effect on the activity or the expression of a differentially 
expressed protein are identified either in assa)^ fliat enq)loy cells ^ch express a differentially 
expressed protein (cell-based assays) or in assays with an isolated differentially expressed 
protem (cell-firee assays). The various assays can employ a variety of variants of a differentially 
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e}q>ressed protein (e.3!PiilI4ength difTerentially expressed proteiB, anPKlogically active fiaement 
of a diffCTentially expressed protein, or a fusion protein ^lich includes aU or a portion ot a 
differentially expressed protein). Moreover, a differentially expressed protein can be derived 
fix)m any suitable mammalian species (e.g., human differentially expressed protein, rat 
differentially expressed protein or murine differentially expressed protein). The assay can be a 
binding assay entailing direct or indirect measurement of the binding of a test compound or a 
known differentiaUy expressed protein Ugand to a differentiaUy expressed The assay 

can also be an activity assay entailing direct or indirect measurement of the activity of a 
differentially eiqsressed protein. The assay can also be an expression assay entailing direct or 
indirect measuremmt of the ^qnression of a differentially expressed protein mRNA or a 
differmtiallye^qiressed protein. The various so^ening assays are combmedwitfi an in vivo 
assay entailing measuring the effect of the test compound on the pain symtoms. 

In one embodiment, the invention provides assays for screening candidate or test 
compounds ^ch bind to or modulate the activity of a membrane-bound (cell sur&ce esqicessed) 
form offhe differentially expressed protem. Such assays can employ tiiefuU-lenglh 
differentially expressed protein, a biologically active fragment of the differentially expressed 
protem, or a fusion protem which includes all or a portion offhe differentially expressed protem. 
As described in greater detail below, the test compound can be obtained by any suitable means, 
e.g., fiom conventional compound libraries. Determining the ability of the test con^und to 
bind to a membrane-bound form of the difi^mtially expressed protem can be accomplished, for 
example, by coipUng flie test compound with a radioisotope or enzymatic label such that binding 
of the test compound to the diffo^ntially expressed protem-expressing cell can be measured by 
detecting the labeled conqx>und in a con[q>lex. For example, tiie test compound can be labelled 
with ^^S, ^'^C, or ^ either directly or indirectiy, and the radioisotope detected by direct 
counting of radioemmission or by scintillation counting. Alternatively, the test compound can be 
^izymatically labelled with, for example, horseradish peroxidase, alkaline phosphatase, or 
luciferase, and tiie enzymatic label detected by determination of conversion of an appropriate 
substrate to product 

In a competitive binding format, the assay conqxrises contacting the differentially 
expressed protein-expressing cell witii a known conxpound which binds to the differentially 
expressed protem to form an assay mixture, contacting the assay mixturo with a test compound, 
and determining the ability of the test confound to interact with the differentially expressed 
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piotein-expressmg cd^^erein determining the ability of the test comound to interact with the 
differentiaUy expressed protein-expressing ceU conq)rises deti^^ 

conq)oimd to preferentially bind the differentially expressed protein expressing cell as cono^pared 
to the known conq)oi]nd 

In another embodiment, the assay is a cell-based assay comprising contacting a cell 
expressing a membrane-boimd fonn of tiie differentially expressed protein (e.g., fidl-length 
differentially e:^ressed protein, a biologically active fragment of the differentially expressed 
protein , or a fusion protein which includes all or a portion of the differentially expressed 
protein) repressed on the cell sur&ce with a test compound and determining the ability of the 
test confound to modulate (e.g., stimulate or inhibit) the activity of the membrane-bound form 
of the differentially e^qpressed protein. Determining the ability of the test compound to modulate 
the activity of the membrane^bound form of the differentially expressed piotem can be 
acconq>lished by any method suitable for measuring the activity of the differentially expressed 
protein , e.g., any method suitable for measuring the activity of a Ghprotein coiq;>l6d receptor or 
other seven-transmembrane receptor (described in greater detail below). The activity of a seven- 
transmembrane recq>tDr can be measured in anumber of ways, not all of which are suitable for 
any given receptor. Among the measures of activity are: alteration in intraoellular Ca2+ 
concentration, activation of phospholipase C, alteration in intracellular inositol triphosphate 
(IP3) concentration, alteration in intracellular diac^lglycerol (DAG) concentration, and alteration 
in intracellular adenosine cyclic 3*, S -monophosphate (cAMP) concaitration. 

The present invention includes biochemical, cell fiee assays that allow the identification 
of inhibitors and agonists of phosphodiesterases (PDEs) suitable as lead structures for 
pharmacological dmg development Such assays involve contacting a form of a diff<airaitially 
e^qyressed protein (e.g., fiill-length differentially expressed protem, a biologically active fingment 
of a differentially expressed protein, or a fusion protein comprising all or aportion of a 
differentially expressed protein) with a test compound and detemiining the ability of the test 
conq)ound to act as an antagonist (preferably) or an agonist of the enzymatic activity of a 
differentially expressed protdn. In one embodiment, the assay includes monitoring tiie PDE 
activity of a differentiaUy e3q>ressed protein by measuring (he conversion of either cAMP or 
cGMP to its nucleoside monophosphate after contacting a differentially expressed protein with a 
test compound. 
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For example, IRmP and cGMP levels can be measured by thWfee of the tritium 
containing compounds 3HcAMP and 3HcGMP as descriDea m [Jtiansen, J<-«., ana Beavo, j JV., 
PNAS USA1982;79: 2788-92]. To screen a compound pool comprised of a large number of 
compounds, the microtiter plate-based scintillation proximity assay (SPA) as described in 
[BardeUe, C. et al. (1999) AnaL Biochem. 275: 148-155] can be applied 

Alternatively, the phosphodiesterase activity of the recombinant protein can be assayed 
using a commercially available SPA kit (Amersham Pharmacia). The PDE enzyme hydrolyzes 
cyclic nucleotides, e.g. cAMP and cGMP to their linear counterparts. The SPA assay utilizes the 
tritiated cycUc nucleotides [3H]cAMP or [3H]cGMP, and is based iq>on flie selective interaction 
of the tritiated non cyclic product with the SPA beads ^ereas the cyclic substrates are not 
effectively binding. Radiolabelled product bound to the scintillation beads g^erates lig^t tiiat 
can be analyzed in a scintillation counts. 

The cell'firee assays of the present invention are amenable to use of either a membrane^ 
bound form of the differentially expressed protein or a soluble fragment thereof In the case of 
cell-firee assays comprising tiie membrane-bound form of the polypq)tide, it may be desirable to 
utilize a solubilizing agent such that the membrane-bound form of the polypeptide is maintained 
in solution. Examples of such solubili2dng agents include, but are not limited to ,non-ionic deter- 
gents such as n-octylglucoside, n-dodecylglucoside, n-dodecylmaltoside, octanoyl-N-methyl- 
glucamide, decanoyl-N-methylglucamide, Triton X-100, Triton X-1 14, Thesit, Iso-tri-decy-poly- 
(ethylene glycol etiier)n, 3-[(3-cholainidopropyl)dimethylainminio]-l-propane sulfonate 
(CHAPS), 3-[(3-cholanudopiopyl)dim6th^anm]]nio]-2-hydioxy-l-propane sulfimate 
(CHAPSO), or N-dodecyt=N,N-dimethyl-3-ammonio-l-propane sulfonate. 

hi one embodiment, the invention provides assays for screening candidate or test 
compounds ^^ch bind to or modulate the activity of a differmtially expressed protein. Such 
assays can enq)loy full-length differentially expressed protein, a biologically active fragment of a 
differentially expressed protein, or a fusion protein which includes all or a portion of a 
differentially expressed protein. As described in greater detail below, the test compound can be 
obtained by any suitable means, e.g., fiom conventional con^und libraries. 

Determining the abihty of the test compound to modulate the activity of a differentially 
expressed protein can be accomplished, for example, by determining the abihty of a 
differentially expressed protein to bmd to or interact with a target molecule. The target molecule 
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can be a molecule wilPMiich a differentially expressed protdn bind^fl^ interacts with in nature. 
The target molecule can be a conoponent of a signal transduction pathway which &cilitates 
transduction of an extracellular signal. The target differentially expressed protein molecule can 
be, for example, a second intracellular protein which has catalytic activity or a protein which 
&cilitates the association of downstream signaling molecules with a differentially expressed 
protein. 

Determining the abihty of a differentially expr^sed protein to bind to or interact with a 
target molecule can be accomplished by one of flie methods described above for detsmining 
direct binding. In one embodiment, determining the ability of a polypq>tide of the invention to 
bind to or interact with a target molecule can be acconQ)lished by determining the activity of the 
target molecule. For example, the activity of the target molecule can be detemuned by detecting 
induction of a cellular second messenger of the target (e.g., intracellular Ca2+, diacylglycerol, 
IPS, etc.), detecting catalytic/eaizytnatic activity of the target on an a pp ropriate substrate, 
detecting the induction of a rqiorter gene (e.g., a regulatory element that is responsive to a 
pol)peptide of the invention operably linked to a nucleic add encoding a detectable marker, e.g., 
ludferase), or detecting a cellular response. 

In various embodiments of ihe above assay methods of the present invention, it may be 
desirable to immobilize a differentially expressed protein (or a differentially expressed protein 
target molecule) to &cihtate separation of coti^lexed fiom uncomplexed forms of one or both of 
the proteins, as well as to accommodate automation of the assay. Binding ofa test corq)Ound to 
a differentially expressed protem, or interaction of a differmtially esqntessed protein with a target 
molecule in the presrace and absence of a candidate compound, can be acconq>lished in any 
vessel suitable for containing the reactants. l^aniples of such vessels include microtitre plates, 
test tubes, and micro-centrifuge tubes. In one embodiment, a fusion protein can be provided 
which adds a doinain that aUows one or both ofthepn)teins to be bound to a matrix. For 
exanq>le, glutafhione-S-transferase (GST) fiision protems or glutafhione-S-transferase fiision 
proteins can be adsorbed onto glutathione sepharose beads (Sigma Chemical; St Louis, Mo.) or 
glutafluone derivadzed microtitre plates, which are then combined with the test compound or the 
test compound and d&er the non-adsorbed target protein or a differentially e3cpress6d protein, 
and the mixture incubated under conditions condudve to complex formation (e.g., at 
physiological conditions for salt and pH). Following incubation, the beads or microtitre plate 
wells are washed to remove any unbound con^ouCTts and comply formation is measured either 
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directly or indirectly,^it example, as descnbed above. Altegs^vq^})f^ejQ|QQpip2^^^ 
dissociated firom the matrix, and the level of binding or activity of a differentially expressed 
protein can be detennined using standard techniques. 

Other techniques for immobilizing proteins on matrices can also be used in the screening 
assays of the inventioiL For example, either a differentially pressed protein or its target 
molecule can be immobilized utilizing conjugation of biotin and streptavidin. Biotinylated 
polypeptide of the invention or target molecules can be prepared from biotin-NHS (N-hydroxy- 
succinimide) using techniques well known in the art (e.g., biotinylation kit. Pierce Chemicals; 
Rockford, Bl.), and immobilized in the wells of streptavidin-<x)ated plates (Pierce Chemical). 
Alternatively, antibodies reactive with a differentially expressed protein or target molecules but 
which do not interfere with binding of the polypeptide of the invention to its target molecule can 
be derivatized to the wells of the plate, and unbound target or polypeptide of the invention 
trapped in the wells by antibody conjugation. Methods for detecting such complexes, in addition 
to those described above for the GST-immobilized coniplexes, include inununo-detection of 
complies using antibodies reactive with a differentially expressed protein or target molecule, as 
well as enzyme-linked assays ^^ch rely on detecting an enzymatic activity associated with a 
differentially expressed protem or target molecule. 

Another technique for drug screening which may be used provides for hig^ throughput 
screening of con:Q)ounds having suitable binding aEBnity to the protein of interest as described in 
published PCT s^lication WO84/03S64. In this mefliod, large numbers of different small test 
conqjounds are synthesized on a solid substrate, such as plastic pins or some other sur&ce. The 
test compounds are reacted wifli a differmtially expressed protein» or fragments thereof and 
washed. BouiiddifferentiaUy expressed pn>tem is then detected by methods weU known in the 
art. Purified differentiaUy expressed pn)tein can also be coated directly onto pl^ 
afor&-mentioned drug screening techniques. Alternatively, non-neutralizing antibodies can be 
used to capture the peptide and unmobilize it on a solid support 

In another embodiment, one may use competitive drug screening assays in which 
neutralizing antibodies enable of binding differentially expressed protein specifically compete 
with a testcompound for binding a differentially expressed protein, hi this manner, antibodies 
can be used to detect the presence of any pqitide which shares one or more antigeuic 
detemiinants with a differentially expressed proteiiL 
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The screeoin^B'say can also involve niraitoring ti^gLsg«^5firfaj4i^^ 
expressed proteia For exatiq)le, regulators of expression of a differentially expressed protein 
can be identified in a method in which a cell is contacted with a candidate compound and the 
expression of a differentially expressed protein protein or mRNA in the cell is detranined The 
level of expression of a differentially e)q)ressed protein or mRNA the presence of the candidate 
compound is conq)ared to the level of expression of a dififerentially expressed protein or mKNA 
in the absence of the candidate compound. The candidate coiiQX)und can then be identified as a 
regulator of expression of a differentially expressed protein based on this conqiaiison. For 
exanq>le^ y/bm expression of a differentially expressed protein or mRNA protein is greater 
(statistically significantly greats) in the presence of the candidate conq)ound than in its absence, 
the candidate conq)Ound is identified as a stimulator of a differentially expressed protein or 
mRNA expression. Alternatively, when expression of a differentially expressed protem or 
mRNA is less (statistically significanfly less) in the presence of the candidate compound than in 
its absence, the candidate compound is identified as an inhibitor of a differentially expressed 
protein or mRNA expression. The level of a differentially expressed protein or mRNA 
expression in the cells can be determined by methods described below. 

Scrying for thercpeutic agents using Binding Assays 

For binding assays, the test compound is preferably a small molecule which binds to and 
occupies the active site of a differentially expressed protein polypeptide, thereby making the 
ligand binding site inaccessible to substrate such that normal biological activity is prevented. 
Examples of such small molecules include, but are not limited to, small peptides or peptide-like 
molecules. Potential ligands ^ch bind to a polypeptide of the invention include, but are not 
limited to, the natural ligands of known differentially e^ressed protein PDEs and analogues or 
derivatives thereof 

In binding assays, either the test conrpound or the differentially expressed polypeptide 
can comprise a detectable label, such as a fluorescent, radioisotopic, chemiluminescent, or 
enzymatic label, such as horseradish peroxidase, alkaline phosphatase, or luciferase. Detection 
of a test con]5)ound which is bound to differentially expressed polypeptide can then be 
accomplished, for example, by direct counting of radioenmiission, by scintillation counting, or 
by determining conversion of an ^propriate substrate to a detectable product Alternatively, 
binding of a test compound to a differentially expressed polypq)tide can be determined wifliout 
labeling either of the interactants. For exaniple, a mictophysiometer can be used to detect 
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binding of a test compmnd with a difTerentially expressed pd^yj^^doK Ajnicroptiysicmietei: 
(e.g., Cytosensor™) is an analytical instrument that measures the rate at vAdck a cell acidifies its 
enviromnent using a light-addressable potentiometric sensor (LAPS). Changes in this 
acidification rate can be used as an indicator of the interaction between a test compound and a 
dififerentiaily expressed protein [Haselofi^ (1988)]. 

Determining the ability of a test compound to bind to differentially expressed protein also 
can be accomplished using a technology such as real-time Bimolecular Interaction Analysis 
(BIA) [McConnell, (1992); Sjolander, (1991)]. BIA is a technology for studying biospecific 
interactions in real time, without labeling any of the interactants (e.g., BIAcoreTM). Changes in 
the optical phenomenon surfiu^e plasmon resonance (SPR) can be used as an indication of real- 
time reactions between biological molecules. 

In yet another aspect of the invention, a differentially expressed protein-like polypq)tide 
can be used as a 'T>ait protein" in a two-hybrid assay or three-hybrid assay [Szabo, (1995); U.S. 
5,283,317), to identify oth^ proteins which bind to or interact with a differentially expressed 
protein and modulate its activity. 

The two-hybiid system is based on the modular nature of most transcription &ctors, 
which consist of separable DNA-binding and activation domains. Briefly, the assay utilizes two 
different DNA constructs. For example, in one construct, polynucleotide encoding a 
diffa:entially expressed protem can be fused to a polynucleotide encoding the DNA binding 
domain of a known transcription fector (e.g., GAL^). In the other construct a DNA sequence 
that encodes an imidentified protein C*prey*' or **sample") can be fiised to a polynucleotide that 
codes for the activation domain of the known transcription fector. If the '^baif atid the "prey** 
proteins are able to interact in vivo to form an protein-dependent coiiq)lex, the DNA-binding and 
activation domains of the transcription &ctor are brought into close proximity. This proximity 
allows tran-scription of a rq)orter gene (e.g., LacZ), which is operably linked to a transcriptional 
regulatory site responsive to the transcription factor. Expression of the reporter gene can be 
detected, and cell colonies containing the fimctional transcription &ctor can be isolated and used 
to obtain the DNA sequence encoding the protein which interacts with a differentially expressed 
protein. 

It may be desirable to immobilize either tiie differentially expressed protein (or 
polynucleotide) or the test conipound to &cilitate separation of the bound form fiom unbound 
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fonns of one or both onhe interactants, as welf as to accomtnodate an^matinn of the ^kriiv. 
Thus, either the diflferratially expressed protein-like polypq)tiae (or polynucleouae) or me test 
compound can be bound to a solid siq>port Suitable solid supports include, but are not limited 
to, glass or plastic slides, tissue culture plates, microtiter wells, tubes, silicon chips, or particles 
such as beads (including, but not limited to, latex, polystyrene, or glass beads). Any method 
known in the art can be used to attach the differentially expressed protein-like polypeptide (or 
polynucleotide) or test compound to a solid support, including use of covalent and non-covalent 
linkages, passive absorption, or pairs of binding moieties attached respectively to the polypeptide 
(or polynucleotide) or test compound and the solid siqiport Test conqiounds are preferably 
bound to ttie solid support in an anay, so that tfie location of individual test cQnqx)unds can be 
tracked. Binding of a test conipound to the differentially expressed protein (or a polynucleotide 
encoding for the differentially esxpressed protem) can be accomplished in any vessel suitable for 
containing the reactants. Examples of such vessels include microtiter plates, test tubes, and 
microcentrifuge tubes. 

In one embodiment, the differentially expressed protein is a fusion protein comprising a 
domain that aUows binding of the dififerraitiaUyexiiressedpn^ For 
exanq>le, glutathione-S-transfisrase fusion proteins can be adsorbed onto glutathione sepharose 
beads (Sigma Chemical, St Louis, Mo.) or gilutafhione derivatized microtiter plates, which are 
then combined with the test compound or tiie test compound and the non-adsorbed diff^entially 
expressed protein; the mixture is then incubated under conditions conducive to complex 
formation (e.g., at physiological conditions for salt and pH). Following incubation, the beads or 
microtiter plate wells are washed to rranove any unbound components. Binding of the 
intaiactants can be determined either directiy or indirectiy, as described above. Alternatively, the 
conq>lexes can be dissociated fixmi the solid support before binding is determined. 

Other techniques for immobilizing proteins or polynucleotides on a solid siq>port also can 
be used in the screening assays of the invmtion. For exainple,eitiier the differentially expressed 
protein (or a polynucleotide encoding the diff^entially expressed protein) or a test com-pound 
can be immobilized utilizing conjugation of biotin and streptavidin. Biotinylated differentially 
expressed protein (or a polynucleotide encoding biotmylated differentially expressed protein) or 
test compounds can be prepared &om biotin-NEIS (N-hydroxysuccinimide) using techniques 
well known in the art (e.g., biotinylation kit. Pierce Giemicals, Rockford, 111.) and immobilized 
in the wells of streptavidin-coated plates (Pierce Chemical). Alternatively, antibodies which 
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specifically bind to awcifferentially expressecfprotein, ptf4pW6le9t^^<yRa4ps); cqijipoypjflju-hut 
which do not interfere with a desired binding site, such as the active site of the differentially 
expressed protein, can be derivatized to the wells of the plate. Unbound target or protem can be 
trapped in the wells by antibody conjugation. 

Mettiods for detecting such complexes; in addition to those described above for the GST- 
immobilized con^lexes, include immunodetection of complexes using antibodies which 
specifically bind to the differentially expressed protein or test compound, enzyme-linked assays 
which rely on detecting an activity of the differentially expressed protein, and SDS gel 
electrophoresis under non-reducing conditions. 

Scxeemng for test compounds which bind to the differentially expressed protein or poly- 
nucleotide also can be carried out in an intact cell. Any cell which conqirises flie dififereaitially 
expressed polypq)tide or polynucleotide can be used in a cell-based assay system. A 
differentially expressed protein polynucleotide can be naturally occurring in the cell or can be 
introduced using techniques such as those described above. Binding of the test compound to the 
differentially expressed protein or a polynucleotide encoding the differentially expressed protein 
is determined as described above. 

Functional Assess 

Test compounds can be tested for the ability to increase or decrease activity of a 
differentially e^qiressed polypeptide. The differmtially e3q>ressed protein activity can be 
measured, for exaaq>le, using methods described in flie q>ecific examples, below, differentially 
expressed protein activity can be measured after contacting either a purified differentially 
e3q>iessed protein or an intact cell with a test compound. A test conq)Ound which decreases the 
differentially e^qnressed protein activity by at least about 10, preferably about SO, more 
preferably about 75, 90, or 100% is identified as a potential agent for decreasing ttie 
differentially expressed protein activity. A test compound which inoreases the differentially 
expressed protdn activity by at least about 10, preferably about SO, more preferably about 7S, 
90, or 100% is identified as a potential agent fi>r increasing the differentially expressed protein 
activity. 



Gene Expression 
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In another emDiOimeat, test compounds which ii3iPCQas&or jdjeSRaseihe diffeceotiallu. 
expressed protem gene expression are identified (i.e., test conq)oiinds which increase or decrease 
the expression of a differentially expressed polynucleotide sequmce of flie invention). As used 
herein, the term ''correlates with expression of a poly-nucleotide** indicates that the detection of 
the presmce of nucleic acids, tiie same or related to a nucleic acid sequence encoding the 
differentially expressed protein, by northern analysis or realtime PGR is indicative of the 
presence of nucleic acids oicoding the differentially expressed protein in a sanqple, and thereby 
correlates with expression of the transcript jSnom the polynucleotide ^coding the differentially 
expressed protein. The term '^croarray'', as used herein, refers to an array of distinct 
polynucleotides or oligonucleotides arrayed on a substrate, such as paper, nylon or any other 
type of membrane, filt^, chip, glass slide» or any other suitable solid sqyporL A differentially 
e^qxressed protein polynucleotide is contacted with a test confound, and the expiession of an 
KNA or polypeptide product of the differentially esquressed protein polynucleotide is determined. 
Tlie level of e}qiression of appropriate mKNA or polypq)tide in the presence of the test 
compound is coicpared to the level of expression of mKNA or polypeptide in the absence of the 
test compound The test compound can then be identified as a regulator of e^qjression based on 
this coniparison. For exanople, when expression of mKNA or polypeptide is greater in the 
presence of the test compound than in its absence, the test compound is identified as a stimulator 
or enhancer of the mRNA or polypq)tide expression. Alternatively, when expression of the 
mRNA or polypeptide is less in the presence of the test compound than in its absence, the test 
compound is identified as an inhibitor of the mKNA or polypq)tide expression. 

The level of the differentially expressed piotem mRNA or polypeptide expression in the 
cells can be determined by methods well known in the art for detecting mRNA or polypeptide. 
Either qualitative or quantitative methods can be used. The presence of polypq)tide products of 
the differentially expressed protein polynucleotide can be determined, for raanqile, using a 
variety of techniques known in the art, including immunochemical methods such as 
radioimmunoassay. Western blotting, and immunohistochemistry. Alternatively, polypeptide 
synthesis can be determined in vivo, in a cell culture, or in an in vitro translation system by 
detecting incorporation of labelled amino acids into the differentially expressed protein. 

Such screening can be carried out either in a cell-fi:ee assay system or in an intact cell. 
Any cell which expresses the differentially expressed protein polynucleotide can be used in a 
cell-based assay system. The the differentially expressed protein polynucleotide can be naturally 
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occurring in the cell ORan be introduced using technique suolL^s.tffllB described aboye^ Either 
a primary culture or an established cell line can be used. 



Screening of ther(q>eutic agents against pain-specific array 

In one embodiment the present invention provides a method for screening agrats for their 
ability to regulate the expression of genes i^ch are differentially expressed in an animal 
subjected to paia In briei^ the method comprises administeriiig to an animal si^^^ 
such as an animal pam model, a potentially thei:q>eutic agent, isolating nucleic add fiom sensory 
neurons of the animal, preparing the nucleic add for hybridization to a microairay as described 
above, and hybridizmg tiie nucldc add to a pain-spedfic microarray. The hybridization level is 
thm compared to the hybridization of a nucldc add sample contacted with the pain-spedfic 
microarray obtained firom an animal subjected to pain, but not administered tiie potentially 
therapeutic agent In one embodiment, the potentially therapeutic agent is deemed to be 
ther^eutic if the expression level of the nucldc add sequmce obtained fix)m tiie animal 
subjected to pain and treated with the agent is no long^ differentially expressed by at least 1.4 
fold, and \^erein the expression of the nucldc acid sequence obtained from the animal subjected 
to pain but not treated with the agent remains differentially regulated. The nucldc acid 
sequences analyzed to determine therq)eutic efiBcacy can include any of the sequences 
previously identified (see above) as being differentially expressed in an animal subjected to pain. 

Animals may be administered any potentially then^eutic agent known in Ifae art, 
including antisense molecules, libozymes, and supplemental nucldc acid sequences as described 
above. Additional therapeutic agents include any agent known in the art which is routinely 
administered for the amelioration of pain including, but not limited to asprin, ibuprofen, 
narcotics, steroidial and non-steroidial anti-inflammatories, and the like. These agents are 
administered according to dosing protocols well known in the art 

Screening of therapeutic agents against individual genes that are differentialfy expressed 

in pain 

Candidate therapeutic agents of tiie invention are screened for their ability to regulate the 
expression of one or more isolated polynucleotide sequences ^lich have been identified h^dn 
as differentially regulated in an animal which has been stibj ected to pain relative to an animal 
that is not subjected to pairu In one embodiment, the screen consists of administering a candidate 
therapeutic agent, as defined herein, or a placebo, to an animal that is subj ected to pain and 
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hybridizing a nucldc Wd sample, corresponding to RNA^^tpJiLpd^tOTL SftOH^^'^tefl^-^^W 
treated animal, to a probe specific for a polynucleotide sequence selected fix>m the group of 
isolated polynucleotide sequraces of Tables 1, 2, 3, 4, or S. In another embodiment, the screen 
consists of administering a candidate fherapeutic agent, as defined herein, or a placebo, to an xh 
vitro cell culture of primary cells for example, primary neurons, that naturally express 
polynucleotide sequences selected fix)m the group of isolated polynucleotide sequences of Tables 
1 , 2, 3, 4, or 5. In a fiirOier embodiment, the screen consists of administering a candidate 
therq>eutic agmt, as defined herdn, or aplacebo, to cell lines that have been transfected with 
vectors that direct the expression of polynucleotide sequences selected fix>m the group of isolated 
polynucleotide sequences of Tables 1, 2, 3, 4, or S. In a finiher embodiment, the screen consists 
of administering a candidate ttierq>eutic agent, as defined herein, or a placebo, to a transgenic 
animal in which a neural specific promoter drives the expression of a polynucleotide sequence 
selected from the group of isolated polynucleotide sequences of Tables 1, 2, 3, 4, or 5. In all 
instances, a 10% increase or deciease in the differential expression of a gene in res^ a 
therapeutic compound is indicative of a tfa^apeutic agent that can modulate the differential 
expression of a gene that is differentially regulated in an animal "v^ch has been subjected to pain 
relative to an animal that is not subjected to pain. In a preferred embodiment, nucleic acid 
samples obtained fiom treated and non-treated animals or in vitro cell cultures are hybridized to 
1 or more, 2 or more, 5 or more, 50 or more, 100 or more, 500 or moref, 1000 or more probes, 
each probe being specific to a polynucleotide sequence selected fix>m the groi^ of differentially 
expressed polynucleotide sequences of Tables 1, 2, 3, 4, or 5. 

Methods for measuring the differential expression of one or more of the polynucleotides 
sequences of Tables 1, 2, 3, 4, or 5 in nucleic acid samples fix)m treated animals relative to non- 
treated animals, are well known in the art and include^ but are not limited to, reverse 
transcription PGR (RT-PCR; described in U.S. Patent No. 5,4078,00), Taqtnan (as disclosed in 
U.S. Patent Nos. 5,210,015 and 5,487,972), Molecular Beacon assays (as disclosed in WO 
95/13399), Northern blot hybridization, SI nuclease mapping, RNAse protection assays which 
are described in the literature. See, e.g., Sambrook, Fritsch & Maniatis, 1989, Molecular 
Cloning: A Laboratory Manual, Second Edition ; Oligonucleotide Synthesis (M J. Gait, ed., 
1984); Nucleic Acid Hybridization (BD. Hames & S. L Higgins, eds., 1984); A Practical Guide 
to Molecular Cloning (B. Perbal, 1984); and a series. Methods in Enzymology (Acad^c Press, 
Inc.); Short Protocols In Molecular Biology, (Ausubel et al., ed, 1995). References to patents 
and literature are by incorporated in their entirety. 
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Coiiq>oiinds idRlified as positives based on this screCTi.can b^Irther tested for activity 
in the m vitro cell culture assay, in vivo protein activity assay or analgesic assays, described 
hereio, to determine if these compounds are effective at modulating differential gene expression 
in response to pain and ultimately attenuating pain itself. 

Polypeptide Activity 

In one embodiment, the present invention provides a method for screening potentially 
ther^eutic agents ^liiich modulate the activity of one or more polypq)tides encoded by one or 
more of the polynucleotide sequences in Tables 1, 2, 3, 4, or 5, such that if the activity of the 
polypq>tide is increased in an animal subj ected to pain, the ther^eutic substance will decrease 
the activity of the polypeptide relative to tiie activity of the same polypeptide in an animal 
subjected to pain, but not treated with die ther^eutic agent Likewise, if the activity of the 
polypeptide is decreased in an aninoial subjected to pain, the therapeutic substance will increase 
the activity of the polypeptide relative to the activity of the same polypeptide in an animal 
subjected to the same pain, but not treated with the ther^eutic agent 

The activity of the polypeptide molecules encoded by the polynucleotides indicated in 
Tables 1 , 2, 3, 4, or S may be measured by any means known to those of skill in die art, and 
which are particular for the type of activity performed by the particular polypeptide. Bxan^les 
of specific assays which may be used to measure the activity of particular polynucleotide 
products are shown below. 

(a) &protem coiq)led receptors 

In one embodiment, the one or more of the differentially regulated polynucleotides of 
Tables 1, 2, 3, 4, or 5 may encode a G-protein coi^led receptor. In one embodiment, tiie present 
invention provides a method of screening potential agonists and antagonists of die family of G- 
protein coupled receptors, including Gs, Gj, and Gq, encoded by the differentially eqiressed 
polynucleotides of the present invention by measuring changes in tiie activity of these receptors 
in the presmce of a candidate agonist or antagonist 

1. Gi -coupled recq)tor screening 

Cells (sudi as CHO cells, or primary cells) are stably transfected witii the relevant 
receptor and with an inducible CRE-lucifetase construct Cells are grown in 50% Dulbecco's 
modified Eagle medium / 50% F12 (DMEMZF12) supplemented widi 10% FBS, at 37*'C m a 
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humidified atmosphdIPWith 10% C02 and are routinely solit at a rafflR)f 1:10 everv 2 or 3 davs. 
Test cultures are seeded into 384 - well plates at an appropriate density (e.g. 2000 cells / well in 
35 nl cell culture medium) in DMEM/F12 with FBS, and are grown for 48 hours (range: - 24 - 
60 hours, dqjending on cell line). Growth medium is thm exchanged against serum firee medium 
(SFM; e.g. UltrarCHO), containing 0,1% BSA. Test compounds dissolved in DMSO are diluted 
in SFM and transfened to the test cultures (maximal final ooncratiation 1 0 ^molar), followed by 
addition of forskolin (r 1 fimolar, final cone.) in SFM + 0,1% BSA 10 minutes later. Li case of 
anta^nist screening both, an qypropriate concentration of The 
plates are incubated at 37^C in 10% CQ2 for 3 hours. Then the siq)ematant is removed, cells are 
lysed with lysis reagent (25 tnmolar phosphate-buffer, pH 7,8 , contaming 2 mmolar DDT, 10% 
glycerol and 3% Tdton XlOO). The luciferase reaction is started by addition of substrate-buffer 
(e.g. ludferase assay reagent, Promega) and luminescmce is immediately detennined (e.g. 
Bolhoid luminometer or Hamamatzu camera system). 

2. Gs-coi^led receptor sa:eening 

Cells (sudi as CHO, or primary cells) are stably transfected with the relevant rec^tor 
and with an inducible CRE-lucif^rase construct Cells are grown in 50% Dulbecco's modified 
Eagle medium / 50% F12 (DMEMZF12) supplemented with 1 0% FBS, at 37°C in a humidified 
atmo^here witii 10% C02 and are routinely spUt at a ratio of 1 : 10 every 2 or 3 days. Test 
cultures are seeded into 384 — well plates at an appropriate density (e.g. 1000 or 2000 cells / well 
in 3 5 pi cell culture medium) in DMEM/F 1 2 wifli FBS, and are grown for 48 hours (range : 24 
-60 hours, depending on cell line). The assayisstartedbyadditionoftest-compounds in serum 
firee medium (SFM; e.g. Ultra-CHO) containing 0,1% BSA: Test compounds are dissolved in 
DMSO, diluted in SFM and transferred to the test cultures (maximal final concmtration 1 0 
(imolar, DMSO cone. < 0,6 %). In case of antagonist screening an ^ropriate concentration of 

agonist is added 5-10 minutes lat^. The plates are incubated at 37*^0 in 1 0% €02 for 3 hours. 

» 

Then the cells are lysed with 1 0 ^1 lysis reagent per well (25 mmolar phosphate-buffer, pH 7,8 , 
containing 2 mmolar DDT, 10% glycerol and 3% Triton Xl.OO) and the luciferase reaction is 
started by addition of 20 ^1 substrate-buffer per well (e.g. luciferase assay reagent, Promega). 
Measurement of luminescence is started immediately (e.g. Bertiiold luminometer or Hamamatzu 
camera system). 



3. Gq-coiq>led receptor screening 
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Cells (such a^^IO, or primary cells) are stably transfected the relevant receotor. 
Cells ej^iessing functional receptor protein are grown in 50% Dulbecco's modified Eagle 
medium / 50% F12 (DMEM/F12) si^lemented with 10% FBS, at 3TC in a humidified 
atmosphere with 5% C02 and are routinely spht at a cell line dependent ratio every 3 or 4 days. 
Test cultures are seeded into 384 - well plates at an ^propriate drasity (e.g. 2000 cells / well m 
35 ^1 cell culture medium) in DMEMyF12 with FBS, and are grown for 48 hours (range: -24 - 
60 hours, depending on cell line). Growth medium is thm exchanged against physiological salt 
solution (e.g. Tyrode sohition). Test coinpounds dissolved m DMSO are diluted in Tyrode 
solution containing 0.1% BSA and transfened to the test cultures (maximal final cQncentration 
10 ^mola^). After addition of the receptor sfpedfic agonist the resulting Gq-mediated 
intracellular calcium increase is measured using appropriate read-out systems (e.g. calcium- 
SCTsitive dyes). 

(b) Ion channels 

Ion channels are integral membrane proteins involved in electrical signaling, 
transmembrane signal transduction, and electrolyte and solute transport By fomodng 
macromolecular poxes through ihe membrane lipid bilayer, ion channels account for tiie flow of 
specific ion species driven by the electrochemical potential gradient for the permeating ion. At 
the single molecule level, individual channels undergo conformational transitions ("gating") 
between the *open* (ion conducting) and 'closed' (non conducting) state. Typical single chamel 
openings last for a few milliseconds and result in elementary transmembrane cuxr^ts in the 
range of 10-9 - 10-12 Ampere. Chamiel gating is controlled by various chemical and/or 
biophysical parameters, such as neurotransmitters and intracellular second messengers Cligand- 
gated' channels) or membrane potential (Voltage-gated' channels). Ion channels are functionally 
characterized by their ion selectivity, gating properties, and regulation by hormones and 
pharmacological agents. Because of their coitral role in signaling and transport processes, ion 
channels present ideal targets for pharmacological ther^eutics in various patiiophysiological 
settings. 

In one embodiment, the one or more of the differentially regulated polynucleotides of 
Tables 1,2,3,4, or 5 may encode an ion channeL In one embodimrat, the present invention 
provides a method of screening potential activators or inhibitors of channel activity encoded by 
the difTerentially expressed polynucleotides of the present invention. Screening for compounds 
interacting with ion channels to either inhibit or promote tiieir activity can be based on (1 .) 
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binding and (2.) funcflRial assays in living cells (see for ^ami)le, IfJBS, 1992, Ion Channels of 
Excitable Membranes Sunderland, MA, Sinauer Associates, inc.; mcoiporated herem by 
reference in its entirety). 

1. For ligand-gated channels, e.g. ionotropic neurotransmitter/honnone receptors, assays 
can be designed detecting binding to the target by competition between the compomid and a 
labeled ligand. 

2. Ion channel fimction can b e tested functionally in living cells. Target proteins are 
either expressed endogenously in afyproimate reporter cells or are introduced recombinantly. 
Channel activity can be monitored by (2. 1) concratration changes of the permeating ion (most 
prominently Ca2+ ions), (2.2) by changes in the transmembrane electrical potential gradient, and 
(2.3) by measuring a cellular response (e.g. expression of a reporter gene, secr^on of a 
neurotransmitter) triggered or modulated by the target activity. 

2.1. Channel activity results in transmembrane ion fluxes. Thus activation of 
ionic channels can be monitored by the resulting changes in intracellular ion concentrations 
using luminescent or fluorescent indicators. Because of its wide dynamic range and availability 
of suitable indicators this ^lies particularly to changes in intracellular Ca24- ion concratration 
([C!a2+]i). [Ca2+]i can be measured, for exanq>le, by aequorin luminescence or fluorescence dye 
technology (e.g. using Fluo-3, Indo-1, Fura-2). Cellular assays can be designed where either the 
Ca2+ flux through the target channel itself is measured directly or where modulation of the target 
channel affects membrane potential and thereby the activity of co-expressed voltage-gated Ca2+ 
chaimels. 

2.2. Ion channel currents result in changes of electrical membrane potential (Vm) 
i^ch can be monitored directly using potendometric fluorescent probes. These electrically 
charged indicators (e.g. the anionic oxonol dye I>iBAC4(3)) redistribute between extra- and 
intracellular conq>artment in resfponse to voltage changes. The equilibrium distribution is 
governed by the Nemst-equation. Thus changes in membrane potential results in concomitant 
changes in cellular fluorescence. Again, changes in Vm might be caused directly by the activity 
of the target ion channel or tbrou^ an[Q>lification and/or prolongation of the signal by chaimels 
co-expressed in the same cell. 

2.3. Target channel activity can cause cellular C!a2+ entry either direcfly or 
through activation of additional Ca2+ channel (see 2.1). The resulting mtracellular Ca2+ signals 
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regulate a vanety of dBKilar responses, e.g. secretion or gene transcnptrorL Inerefoie 
modulation of the target channel can be detected by monitoring secretion of a known 
hormone/transmitter fiom the target-expressing cell or through expression of a reporter gene (e.g. 
luciferase) controlled by an Ca2+-responsive promoter element (e.g. cyclic AMP/ Ca2+- 
responsive elements; CRE). 

(c) Transcription factors 

In one embodiment, one or more of the differentially expressed polynucleotide sequences 
of Tables 1, 2, 3, 4» or S may encode a transociption £actar. The activity of such a transci:q>tion 
fiictor may be measured, for example, by a promotor assay which measures the ability of the 
transcription fiu:t0r to initiate transcription of a test sequence link In 
one embodiment, tiie present invention provides a method fiir screening a test compound for its 
ability to modulate the activity of such a transcrq>tion &ctor by measuring the changes in the 
expression of a test gene which is regulated by a promoter which is responsive to the 
transcription factor. 

Apromoter assay can be set up with a human hepatocellular carcinoma cell HepG2 that 
is stably transfected wifli a luciferase gene under the control of a X (e.g. thyroid hormone) 
regulated promoter. The vector 2xIR01uc, which can be used for transfection, carries a thyroid 
hormone responsive el^ent (TRE) of two 12 bp inverted palmdromes separated by an 8 bp 
spacer in front of a tk minimal promoter and tiie luciferase gqne. 

Test cultures are seeded in 96 weU plates in senmi - fiee Eagle's Minh 
Medium supplemented with glutamine, tricine, sodium pyruvate, non - essential amino acids, 
insulin, selen, transferrin, and are cultivated in ahumidified atmosphere at 10 % C02 at 37X. 
After 48 hours of incubation serial dilutions of test compounds or reference compounds C^T3, 
L-T4 e.g.) and costimulator if appropriate (final concentration 1 nM) are added to the cell 
cultures and incubation is continued for the optimal time (e.g. another 4-72 hours). The cells are 
then lysed by addition of buffer containing Triton XlOO and ludferin and the luminescence of 
luciferase induced by T3 or otiier compounds is measured in a luminometer. For each 
concentration ofa test compound replicates of4 can be tested. ECSO- values for each test 
compound can be calculated by use oi^ for example, the Gr^h Pad Prism Scientific software. 

Screening ofTherapeutic agents that modulate the in vm> activity of proteins encoded by genes 
that are Differentially Expressed in Pain 
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The inventioimtber provides for a screen of therapeutic conHBunds that modulate tiie 
in vivo activity of proteins encoded by genes that are differentially expressed in an animal 
subjected to pain (see Tables 1, 2, 3, 4, or 5). Methods for measuring changes in the in vivo 
activity of the proteins of the invention are well known in tiie art and include, but are not limited 
to, testing for changes in enzymatic activity, G coupled recqptor activity or ion channel activity 
(as described herein under Polypeptide Activity); transoiption jbctor function or the activity of 
signal tranduction pathway intermediates. Generally, these nxethods involve administering a 
candidate compound, as defined herein, or a placebo, to an animal fluit has been subjected to 
pain, preparing protein e}ctracts firom neural tissues and testing for a modulation in the protein 
activity in the extract in response to the candidate compound. In one embodiment, *^rotein 
activity" refers to the activity of a protein that is encoded by a gqne that has bem identified as a 
gene that is differentially expressed in an aninial subjected to pain. In another embodiment, 
protein- activity" refers to the activity of one or more protdns whose activity is modulated by a 
protein that is encoded by a gene that has bem identified as a gene that is differentially expressed 
in an animal subjected to pain. 

In one embodiment, the '^protein activity", according to the invention, refers to the ability 
of one or more ligands to bind to cell surface rec^tors that are diffeientially expressed in 
animals subjected to pain« For example, WO0102S66A1 describes a screen for compounds that 
modulate the binding of g^utamate to glutamate binding receptors. 

In another embodiment, the ^'protein activity", according to the invention, is controlled by 
post-translational protein modification, e.g. phosphorylation or dephosphorylation. For exanq)le 
the protein, identified as being encoded by a gene that is diffemitially expressed in nnimalfl 
subj ected to pain, may be a kinase, whose activity is modulated in response to a candidate 
compound either by direct phosphorylation or dephosphor^ation. Alternatively, the activity of 
the kinase can be determined by assaying the phosphorylation of one or more substrates of the 
kinase. Methods for measuring tiie phosphor^ation state, of .a protem are well known to a person 
skilled in the art Typically radioactive phosphate is administered to a test animal tiiat is then 
subjected to pain in the presence or absence of a tiierq)eutic compound. Protem extracts are then 
pr^ared fix>m neurological tissues and tfie protein of interest is isolated by immunoprecipitation 
and analyzed by SDS polyacrylamide electrophoresis. A 10% or more increase or decrease in tiie 
level of phosphorylation of the protem of interest in the presence of a compound relative to the 
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level of phosphorjiatiiR in the absence of the compound is indicatiyd|K ^i^^ap9!pd that 
modulates the "protein activity". 

More gCTeially, a gene, that is differentially expressed in animals subjected to pain, may 
encode a Idnase or phosphatase that is part of a signal transduction pathway known in the art If 
so, modulation of the activity of the kinase or phosphatase in response to a candidate compound 
can be detemiined by assaying the activity of pathway intermediates that are found downstream 
of the kinase or phosphatase in the pathway. For example, tiie activity of a kinase or 
phosphatase can be deteraodned by measuring effects on gene expression or transcription factor 
activity. Methods for measuring differential gene expression or transcription &ctor function are 
well known in the art and are described supra. For example, the binding activity of a 
transcription &ctor to its cognate DNA binding site can be tested in protein extracts derived fiom 
treated animals using a mobility shift type analysis (see, e.g., Sambrook, Fritsch & Maniatis, 
1989, Molecular Cloning: A Laboratory Manual, Second Edition; Short Protocols In Molecular 
Biology, (Ausubel et aL, ed., 1995)). In addition, the ability of a transcription &ctor to activate 
transcription fiom a promoter containing one or more cognate DNA binding sites can also be 
tested using standard rqK>rter type assays (GFP, CAT, lacZ) tiiat are also well known in the art 
(See Ausubel et al; siqira). 

Mndelinyy of T^p.priilafnTg 

Conq>uter modeling and searching technologies permit identification of conqpounds, or 
the improvCTient of abeady identified compounds, tiiat can modulate the differentially e^ressed 
protein expression or activity. Having identified such a compound or composition, the active 
sites or regions are identified. Such sites mi^t typically be the enzymatic active site, regulator 
binding sites, or Hgand binding sites. The active site can be identified using methods known in 
the art including, for example, &om the amino acid sequences of peptides, firom the nucleotide 
sequences of nucleic acids, or &om study of complexes of the relevant coir^oimd or composition 
with its natural Ugand. In the latter case, chemical or X-ray crystallographic methods can be 
used to find the active site by finding where on the &ctoT the complexed ligand is found. 

Next, the three dimensional geometric structure of the active site is determined. This can 
be done by known methods, including X-ray crystallography, which can determine a complete 
molecular structure. On the other hand, solid or liquid phase NMR can be used to determine 
certain intramolecular distances. Any other experimental method of structure determination can 
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be used to obtain parCHTor complete geometric structuresf. The geooMnc structures may be 
measured with a coixq)lexed ligand, natural or artificial, which may increase the accuracy ot the 
active site structure determined 

If an inconq)lete or insufficiendy accurate structure is detennined, the methods of 
computer based numerical modeling can be used to complete tiie structure or inqirove its 
accuracy. Any recogmzed modeling method may be used, including parameterized models 
specific to particular biopolymers such as proteins or nucleic adds, molecular dynamics models 
based on corcqputing molecular motions, statistical mechanics models based on thermal 
ensembles, or combined models. For most types of models, standard molecular force fields, 
representing the forces between constituent atoms and gcovps, are necessary, and can be selected 
fix>m force fields known in physical chemistry. The incomplete or less accurate experimental 
structures can serve as constraints on the complete and more accurate structures computed by 
these modeling methods. 

Finally, having determined the structure of the active site, dther eTq^erimentally, by 
modeling, or by a combination, candidate modulating compounds can be identified by searching 
databases containing compounds along with information on their molecular structure. Such a 
search seeks compounds having structures that match the determined active site structure and 
that interact with the groups defining the active site. Such a search can be n>miiia1, but is 
preferably computer assisted. These compounds found fix>m this search are potential the 
differentially expressed protein modulating conq)ounds. 

Alternatively, these methods can be used to identify inqproved modulating compounds 
fix>m an already known modulating compound or Ugand. The conq>osition of the known 
compound can be modified and the structural effects of modification can be determined using the 
experimental and computer modeling methods described above applied to the new composition. 
The altered structure is then conq)ared to the active site structure of the compound to determine 
if an improved fit or interaction results. Ih this mannCT systematic variations in con]position, 
such as by varying side groups, can be quickly evaluated to obtain modified modulating 
compounds or ligands of inqiroved specificity or activity. 

Analgesia Assays: In vivo testing of compounds/target vahdation for pain treatment 



Acute Pain 
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Acute pain isl^sured on a hot plate mmily in rats. Two vaJMts of hot nlate testing are 
used: In the classical variant animals are put on a hot sunace pz to 30 ''CJ ana tue latency tune 
is measured until the animals show nocifensive behavior, such as stepping or foot licking. The 
other variant is an increasing temperature hot plate where the experimental animals are put on a 
surfece of neutral tenq)erature. Subsequentiy this surface is slowly but constantly heated until the 
animals begin to lick a hind paw. The temperature which is reached whm hind paw liddng 
begins is a measure for pain threshold. 

Compounds are tested against a vehicle treated control group. Substance ^pUcation is 
performed at different time points via different plication routes (intravenous (i.v.), intra- 
peritoneal (i.p.), by mouth (p.o.), by inhalation (i.t), Intracerdjroventricular (iav.), 
subcutaneous (s.c.)> intradermal, or transdemial) prior to pain testing. 

According to the invention, a candidate compound, may be administered to an animal 
which is subjected to an acute pain assay. Acute pain, measured according to the above assay, 
decreased by at least 10%, and preferably 20%, 40%, 60%, and iq) to 100% is then indicative of 
a candidate compound that decreases p ain. 

Persistent Pain 

Persisteat pain is measured with the formalin or c^saicin test, mainly in rats. A solution 
of 1 to 5% formalin or 10 to 100 |ig capsaicm is injected into one hmd paw of the e3q)erimental 
animal. After formalin or c£q)saicin qiplication the animals show nodfensive reactions like 
flinching, licking and biting of the affected paw. The number of nodfensive reactions within a 
time frame of iq) to 90 minutes is a measure for intensity of pain. 

Compounds are tested against a vehicle treated control group. Substance ^pUcation is 
performed at different time points via different ^plication routes (i.v., i.p., p.o., i.t, i.c.v., s.c., 
intradermal, transdermal) prior to formalin or capsaicin administration. 

AccordyuQg to the invention, a candidate compound, may be administered to an animal 
which is subjected to an persistent pain assay. Persistent pain, measured according to the above 
assay, decreased by at least 10% and preferably 20%, 40%, 60%, and iq) to 100% is then 
indicative of a candidate compound that decreases paiiL 



Neuropathic Pain 
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Neuropathic pam is induced by different variants pfunilateiaMiatic nerve injury mainly 
in rats. The operation is performed under anesthesia. The nrsi vanani oi scianc nerve mjury is 
produced by placing loosely constrictive ligatures around the common sciatic nerve (Bennett and 
Xie, Pain 33 (1988): 87-107). The second variant is the tight ligation of about the half of the 
diameter of the common sciatic nerve (Seltzer et al.. Pain 43 (1990): 205-218). In the next 
variant, a groiqp of models is used in ^ch tight ligations or transections are made of eittt^ the 
LS and L6 spinal nerves, or the L5 spinal nerve only (Kim SH; Chung Jm, An experimental- 
model for peripheral neuropathy produced by segmental spinal nerve ligation in the rat. Pain SO 
(3) (1992): 355-363). The fourtibi variant involves an axotomy of two of the three terminal 
branches of the sciatic nerve (tibial and common peroneal nerves) leaving ttie remaining sural 
n^e intact whereas flie last variant comprises the axotomy of only the tibial branch leaving the 
sural and common nerves uninjured Control animals are treated with a sham operatioiL 

Postoperatively, the nerve iqured animals develop a chronic mechanical allodynia, cold 
allodynioa, as well as a thennal hyperalgesia. Mechanical allodynia is measured by means of a 
pressure transducer (electronic von Frey Anesthesiometer, HTC Ihc-Life Science Instruments, 
Woodland Hills, SA, USA; Electronic von Frey System, Somedic Sales AB, H5rby, Sweden). 
Thennal hyperalgesia is measured by means of a radiant heat source (Plantar Test, Basile, 
Comerio, Italy), or by means of a cold plate of 5 to 1 0 ^C where the nocifiensive reactions of the 
affected hind paw are counted as a measure of p ain intensity. A further test for cold induced pain 
is the counting of nocifensive reactions, or duration of nocifensive responses after plantar 
administration of acetone to the afifected hind limb. Chronic pain m general is assessed by 
registering tiie circadanian rhytms in activity (Surj o and Amdt, Universitat zu K5ln, Cologne, 
Gomany), and by scoring differences in gait (foot print patterns; FOOTPRINTS program, 
UapdoT et aL, 1997. A low cost method to analyse footprint patterns. J. Neurosci. MeQiods 75, 
49-54). 

Compounds are tested against sham operated and vehicle treated control groiq)s. 
Substance application is performed at different time points via different plication routes (i.v., 
Lp., P.O., i.t, i.c.v., S.C., intradermal, transdermal) prior to pain testing. 

According to the invention, a candidate compound, maybe administered to an animal, 
which is subjected to an neuropathic pain assay. Neuropathic pain, measured according to the 
above assay, decreased by at least 10% and preferably 20%, 40%, 60%, and up to 100% is then 
indicative of a candidate compound that decreases paiiL 
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Inflammatory pain is induced mainly in lats by injection of 0.7S mg canageqnan or 
conq)lete Freund's adjuvant into one hind paw. Tbe animals develop an edema with mechanical 
allodynia as well as tiiennal hyperalgesia. Mechanical allodynia is measured by means of a 
pressure transducer (electronic von Frey Anesthesiometer, UTC Ihc.-Life Science Instruments, 
Woodland Hills, SA, USA), Thermal hyperalgesia is measured by means of a radiant heat source 
(Plantar Test, Ugo Basile, Comerio, Italy, Paw thermal stimulator, G. Ozald, University of 
California, USA). For edema measurement two methods are being used In the jBrst method, the 
animals are sacrificed and the affected hinc^aws sectioned and weigjied The second method 
comprises differences in paw volume by measuring water displacement in a plethysmometer 
(Ugo Basile, Comerio, Italy). 

Compounds are tested against uninflamed as well as vehicle treated control groups. 
Substance q>plication is performed at differrat time points via different q>pUcation routes (i.v., 
i.p., P.O., i.t, i.c.v., S.C., intradermal, transdermal) prior to pain testing. 

According to the invCTtion, a candidate con!qx>und, maybe administered to an animal 
which is subjected to an inflammatory pain assay. Inflammatory pain, measured according to the 
above assay, decreased by at least 10% and preferably 20%, 40%, 60%, and iq) to 100% is then 
indicative of a candidate compound that decreases pain. 

Diabetic Neuropathic Pain 

Rats treated with a single intr^eritoneal injection of 50 to 80 mg/kg streptozotocin 
develop a profound hyperglycemia and mechanical aUodynia within 1 to 3 weeks. Mechanical 
allodynia is measured by means of a pressure transducer (electronic von Frey Anesfliesiometer, 
ETC Ihc-Life Science Instruments, Woodland Hills, SA, USA). 

Conopounds are tested against diabetic and non-diabetic vehicle treated control groups. 
Substance {application is performed at different time points via different application routes (i.v., 
i.p., P.O., i.t, i.c.v., S.C., intradermal, transdermal) prior to pain testing. 

According to the invention, a candidate compound, maybe administered to an animal 
which is subjected to an Diabetic Neuropathic pain assay. Diabetic Neuropathic pain, measured 
according to the above assay, decreased by at least 10% and preferably 20%, 40%, 60%, and up 
to 100% is then indicative of a candidate conopound that decreases pain. 
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In one mibodidlSit, the candidated compounds which are aumm&iieied to an animal 
subjected to one or more of ttie above pain stimuli, can be? u t^uiumc ujmpuunu wmcn nau oeen 
previously detennined to regulate the expression of one or more of the difGaraitially ^pressed 
polynucleotide sequences indicated in Tables 1, 2, 3, 4, or 5, and/or previously determined to 
regulate the activity of a protein ^coded by one or more of the differentially expressed 
polynucleotides indicated in Table U 2, 3, 4, or 5. 

Dosage and Administration 

Then^eutic agents of the invention are administered to an animal, preferably in a 
biologically compatible solution or a phannaceutically acceptable delivery vehicle, by ingestion, 
injection, inhalation or any number of othor methods. For embodiments where the ther^eutic 
agent is a vector comprising an antisense sequence, a sequmce encoding a nbozyme, or a 
sequence designed to supplement a down regulated sequence in an animal subjected to pain, the 
vectors maybe administered as a pharmaceutical formulation, or may be administered using any 
method known in the art including microinjectioD, transfection, transduction, and ex vivo 
delivery. The dosages administered will vary from patient to patient; a "therapeutically effective 
dose" is determined, for example but not limited to, by the level of enhancement of function 
(e.g. , for a nucleic acid sequence \^ch is overexpressed by at least 1 .4 fold in an animal 
subjected to pain relative to a naive animal, a therapeutically effective dose is one ^^ch reduces 
. the level of overexpression of the sequence to less than 1 .4 fold The converse would define a 
then^eutically effective dose for increasing the expression of an under-expressed sequence). 

A theFq>eutic agent according to the invCTtion is preferably administered in a single dose. 
This dosage may be r^eated daily, weekly, monthly, yearly, or until the nucleic add sequence is 
no longer differentially expressed. 

Pharmaceutical Compositions 

The invention provides for compositions comprising a therapeutic agent according to the 
invention admixed with a physiologically compatible carrier. As used herein, '"physiologically 
compatible carrier^ refers to a physiologically acceptable diluent such as water, phosphate 
buffered saline, or saline, and fiirther may include an adjuvant Adjuvants such as inconplete 
Freund's adjuvant, aluminum phosphate, aluminum hydroxide, or alum are materials well known 
in the art 
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The invealioinRo provides for phann^^utical compositioiis^m addition to the active 
ingtedieiits, these pharmaceutical compositions may coniam smiaoie pnannaceuacauy 
accq)table earner prq)arations which is used phannaceutically. 

Phannaceutical conqK>sitions for oral admijDistratiQn are formulated using 
phannaceutically acceptable carriers well known in the ait in dosages suitable for oral 
administration. Such caniers enable the pharaiaceutical conq)ositions to be formulated as 
tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, suqiensions and the like, for 
ingestion by the patient 

Pharmaceutical prqiarations for oral use are obtained through a combination of active 
conqwunds with solid excipient, optionaUy grinding a resulting mixture, and processing the 
mixture of granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. 
Suitable exctpients are carbohydrate or protem fillers such as sugars, including lactose, suoose, 
mannitol, or sorbitol; starch &om com, wheat, rice, potato, or other plants; cellulose such as 
methyl cellulose, hydroxypiopyhnefliyl-cellulose, or sodium caiboxymethyl cellulose; and gums 
including arabic and tragacanth; and proteins such as gelatin and collagen. If desired, 
disintegrating or solubilizing agents may be added, such as the cross-linked polyvinyl 
pyrrolidone, agar, alginic acid, or a salt thereof such as sodium alginate. 

Dragee cores are provided with suitable coatings sudi as concentrated sugar solutions, 
which may also contam gum arabic, talc, polyvinylpyrrolidone^ carbopol gel, polyetiijdene 
glycol, and/or titanium dioxide, lacquer solutions, and suitable organic solvents or solvent 
mixtures. DyestufiS or pigmeotsnmy be added to tfie tablets or dragee coatings for produ^^ 
identification or to charactoize the quantity of active conQ)ound, i.e., dosage. 

Pharmaceutical preparations which are used orally include push-fit c^sules made of 
gelatm, as well as soft, sealed c^sules made of gelatin and a coating such as glycerol or soAitoL 
Push-fit capsules can contain active ingredimts mixed with a filler or binders such as lactose or 
starches, lubricants such as talc or magnesium stearate, and, OptionaUy, std)iliz^ fiisoft 
c^sules, flie active compounds may be dissolved or suspended in suitable liquids, such as fatty 
oils, liquid paraflBn, or liquid polyethylene glycol with or without stabilizers. 

Pharmaceutical formulations for parenteral administration include aqueous solutions of 
active compounds. For injection, tiie phannaceutical con^iositions of the invention may be 
formulated in aqueous solutions, preferably in physiologically compatible buffers such as Hank's 
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solution. Ringer' soIilHBn, or physiologically bulieied salipft^ -4uTOQC^S5luectioA-a^^ 
may contain substances which increase fht viscosity of the suspension, such as sodium 
caiboxymethyl cellulose, sorbitol, or dextran. Additionally, suq)ensions of the active solvents or 
vehicles include fatty oils such as sesame oil, or synthetic &tty acid esters, such as ettiyl oleate or 
triglycerides, or liposomes. Optionally, the suspension may also contain suitable stabilizers or 
agents which increase flie solubility of flie compounds to allow for the preparation of hig^y 
concentrated solutions. 

For nasal administration, penetrants ^ropriate to die particular barrier to be permeated 
are used in Uie formulation. Such penetrants are generally known in the art 

The pharmaceutical conotpositions of the preset invention may be manu&ctured in a 
manner known in the art, e.g. by means of conventional mixing, dissolving, granulating, dragee- 
makmg, levitating, emulsifying, enc^sulating, eastspping or lyophilizing processes. 

The pharmaceutical coniposition may be provided as a salt and are formed with many 
adds, including but not limited to hydrochloric, sulfuric, acetic^ lactic, tartaric, malic^ succinic, 
etc... Salts tend to be more soluble in aqueous or other protonic solvents that are the 
corresponding free base forms. ]bi other cases, the preferred preparation may be a lyophilized 
powder in ImM-SO mM histidine, 0.1%-2% sucrose, 2%-7% mannitol at a pH ran^ of 4.5 to S.S 
that is combined with buff^ prior to use. 

After pharmaceutical compositions comprising a therqieutic agent of the mvention 
formulated in a acceptable earner have been prepared, they are placed in an i^ropriate 
container and labeled for treatmoit of an indicated condition witii information including amount, 
frequency and method of administration. 

EXAMPLES 

The exaD:Q>les below are non-limiting and are merely representative of various aspects 
and features of the present invention. 

Ryample 1 , Identificati on nf diffi *rentiallv expressed nucleic acid sequences 

The present invention relates to a method for the identification of nucleic add sequences 
and/or genes which are differentially expressed in an animal which has been subjected to pain. 
In one embodiment, the animal is a pain model, that is, the animal has been artificially 
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manipulated such fba^K meets the criteria for a 1^ of p^ip js J^gtJfS jbOYc. la fine 
embodiment the animal pain model is produced by transection ot tHe sciatic nerve (axotomy). In 
an alternate embodimeat, the animal pain model is the spared nerve injury model (SNI; 
Decosterd and Wool^ 2000 Pain 87: 149) in which one of the terminal branches of the sciatic 
nerve is spared fiom axotomy. Jn a further alternate embodiment, the animal pain model is an 
inflammation model (Stein et al., (1988) Pharmacol Biochem Behav 31: 445-451; Woolf et al., 
(1994) NeurascL 62, 327-331) in which an irritant such as CPA is injected mto an animal to 
induce inflammatioiL 

Animal pain models 

Axotomy of the sciatic nerve was performed on adult (200-250 g) male Sprague-Dawley 
rats. Undo: halolhane (2%) anesdiesia^ the skin on the lateral surface of the 
and an incision made directly through the biceps femoris muscle exposing the sciatic nerve. The 
axotomy procedure mvolves transecting the sciatic nerve following ligation. The sciatic nerve 
was tight-ligated with 5.0 siDc and sectioned distal to the ligation, removing 2-4 mm of the distal 
nerve stun^. Great care was takra to avoid any contact with or transection of any collateral 
branches of the sciatic nerve proximal to the transection site, or any cutaneous nerve branches. 
Muscle and skin were closed in two layers, and animals were allowed to recover for 3-5 days 
prior to testing for signs of pain including mechanical allodynia, mechanical hyperalgesia, cold 
allodynia, and heat hyperalgesia usmg the criteria described above. Sham control animals 
(naive) involved exposure of the sciatic nerve and its branched without any lesion. 

The SNI nerve injury model was performed on adult (200-250 g) male Sprague-Dawley 
rats. Under halothane (2%) anesthesia, tiie skin on the lateral surface of die thigh was incised 
and a section made directly through the biceps femoris muscle exposing the sciatic nerve and its 
three terminal branches: ihe sural, common peroneal and tibial nerves. 

The SNI procedure conqirises an axotomy and ligation of the tibial and common peronial 
nerves leaving the sural nerve intact The common peroneal and the tibial nerves were tight- 
ligated with 5.0 silk and sectioned distal to the ligation, removing 2-4 nam of tiie distal nerve 
stump. Great care was taken to avoid any contact witii or stretchnigofthe intact sural nerve. 
Muscle and skin were closed in two layers and animals were allowed to recover for at least one 
week prior to testing for signs of pain including mechanical allodynia, mechanical hyperalgesia. 
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cold allodyma, and hmriiyperalgesia using the critena dogipdbsd ai^g'ICL Sbssn GcmlmLiSQunals 
(naive) involved exposure of the sciatic nerve and its brancned ^thout any lesion. 

The inflammation animal pain model was performed on adult male Sprague-Dawley rats 
(10-1 1 weeks old, 300-350 g). Inflammation was induced by an intra-i>lantar injection of 
complete Freund*s adjuvant (CFA, Sigma,! - 1 ml) into the left hind paw of rats under 
halothane (2.5%) anesthesia, producing an area of erythema, edema and tenderness restricted to 
the hinc^aw (Stein et aL, (1988) Pharmacol Biochem Behav 31: 445-451; Woolf et al., (1994) 
Neurosci. 62, 327-33 1), Animals were subsequently tested for signs of pain including 
mechanical allodynia, mechanical hyperalgesia, cold aUodynia, and heat hyperalgesia using the 
criteria described above. 

Total RNA isolation 

Following the surgical procedures described above and testing to insure that the axotomy 
and SNI model animals met &e pain critoia described, control and pain model animals were 
rapidly killed by decapitation. Axotomy model animals were killed 3 days following axotomy, 
and SNI model animals were killed 10-15 days following surg^. 

The dorsal root ganglia (DRG) from spinal levels L4-L5 were removed from the SNI, 
axotomy, and control animals and snap-frozen in a dry ice/ethanol slurry. DRGs from the two 
spinal levels were pooled for each animal and total KNA was extracted using Trizol (Envitrogen) 
according to the manu&cturers instructions. Briefly, tissue sanq)les were homogenized in a 
ground glass homogenizer in 1 ml of Trizol reagent per 50-100 mg of tissue. The sanq)les were 
incubated for 5 min. at 15-30^ C to permit ttie con^lete dissociation of nucleoprotdn conq>lexes. 
Subsequently, 0.2 ml of chloroform was added per 1 ml of Trizol reagent Sanoples were 
agitated and incubated at 1 5-30*^ C for 2 to 3 minutes. Sanq>les were then centrifuged at no more 
than 12,000 x g for 1 5 minutes at 2-8** C. The aqueous phase was then transfenred to a fresh tube 
and flie RNA was precipitated by mixing with 0,5 ml of isopropyl alcohol per 1 ml Trizol 
reagent used for the initial homogeodzatioa Samples were incubated at 15-30^ C for 10 minutes 
and centrifoged at 12,000 x g for 10 minutes. The siq)»natant is then removed, and the RNA 
pellet was washed with 75% efhanoL The RNA pellet is then air dries and resuspended in either 
RNase-fiee watCT or 0,5% SDS solution. The integrity of the RNA samples was verified on a 
1% agarose gel, and the RNA was quantified by measuring absorbance at 260/280 mm. cRNA 
was then prepared from 10 ^g of total RNA using techniques that are well known in the art 
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Briefly, total RNA (^^1 0 |ig) was isolated ai^reverse transcrited MRg _a primer consistine of 
oligo-dT coiq)led to a T7 RNA polymerase binding site. The cDNA was made double stranded 
and biotinylated cRNA was synthesized using T7 polymerase. Unincorporated nucleotides were 
removed, and the cRNA was quantitated using methods known to those of skill in the art; a yield 
of cRNA between 25 and 80 jig was ^ical. 

Array hybridization 

The cKNA samples fix)m axotomy, SMI and naive animals were randomly sheared to an 
approximate length of 50 nucleotides and subsequently hybridized to an Afl^etrix rat genome 
U34 gene chip set Briefly, labeled nucleic add is denatured by heating for 2 minutes at 100** C, 
and incubated at 37^ C of 20-30 minutes before bemgplaced on anucldc add airay under a 22 
mm X 22 mm glass cover slip. Hybridization is carried out at 65*" C for 14 tol8 hours m a 
customsKdechamborwithhumidityniaintainedbyasniaUreservoff Theanayis 
washed by submosion and agitation for 2-5 min in 2X SSC with 0.1% SDS, foUowed by IX 
SSC, and O.IX SSC Fmally, the array is dried by centri&gation for 2 minutes in a slide rack in 
a Beckman GS-6 tabletop centrifuge in Microplus earners at 650 RPM for 2 mio. 

External standards were included in each hybridization to control for hybridization 
effidenqr, to test for sensitivity and assist in the con5)acisons between data sets fo)m different 
e}q)eriments. Ttese external standards are cRNA transcribed from the bacterial genes fe> 6^ 
c, hio d, ere, thr, andphe. The first hybridization was against a Test Chip, which contains 
probes against human, mouse and yeast mKNAs as well as probes against the exogenously added 
controlRNA TheTestOiipsarededgnedtodetenninelhequahtyof &ecRNA 
Stringent washing in the fluidics station reduces non-specific hybridization and the hybridized 
biotinylated cRNA was detected by incubation with phycoCTythrin-streptavidia and was 
quantitated by scanning using the Hewlett-Packard GeneArray laser scanner. Following positive 
analysis of the Test Chip, the same hybridization mixture was tiien added to the Rat Genome 
U34 gene chip set which monitors the expression of >24,000 gen^ and EST clusters. The 
sequences include all rat sequence clusters firom Build #34 of the UniGene Dalablse (created 
from GenBank 107/dbEST 1 1/18/98) and supplemented with additional annoteted gene 
sequences from GenBank 110. The chips were hybridized, reacted witti phycoeryflmn- 
streptavidin, washed and then incubated with a polyclonal anti-streptavidin antibody coi?)led to 
phycoeryflffin as an amplification step to aid in the detection of lower abundance transciq)ts. 
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Following further wdMhg, the expression chip was scaiu)fi4^$jjbQYER^JQ9^ 
data was performed using GeneChip software. 



Gene selection 

Known or EST gene sequences w^ce first selected as being potentially differentially 
expressed based on the fold change in hybridization between the lu^e animflk and either the 
axotomy or SNI pain models. This was measured as the ratio of the e3q>ression level, measured 
as the intensity of the hybridization signal of the cRNA probe on the microarray for a specific 
gene, of either SNI or axotomy to naive. Based on previous studies \(diich demonstrate that the 
^ression of the heat shock protein Hsp27 in increased 1.5 fold after axotomy, a 1.4 fold change 
in expression in ei&er the axotomy or SNI models relative to naive was chosen as a numerical 
cutoff for differential expression. Genes identified as bemg differentially expressed based on the 
measurement of an at least 1.4 fold change in eiqiression are shown in tables 1, 2, 3, 4, or 5. 
Table 1 shows a group of genes which have been previously suggested to exhibit regulated 
expression in pain models, but which have been evaluated for purposes of the present invention 
as being differentially e5q)ressed by at least 1 .4 fold in both a rat axotomy pain model and a SNI 
pain model relative to the expression level in an animal not subjected to pain. Thus, fiom the 
genes and polynucleotides shown in Table 1, only tiiose showing a axotomy/naive or SNI/nalve 
ratio of +A 1 .4 or greater were identified as being differentially expressed. Tables 2-3 show a 
number of genes which were identified by the methods of flie present invmtion as being 
differentially expressed by at least 1 .4 fold in an animal subjected to a nerve injury or 
infl a mmato ry pain model. In addition, the polynucleotides indicated in Table 2, have been 
firther confirmed as beind differentially expressed based on triplicate expression analysis (Le., 
samples fi:om three different animals hybridized to tiiree different microarrays, wherem sanQ)les 
are obtained from several different animal pain models, and wherein the polynucleotide 
sequences ate diff»:mtially expressed by at least 1.2 fold, with a significance of p<O.OS in at 
least one pain model). Table 4 shows a group of genes ^ch exhibit an at least 1.4 fold increase 
in expression in the inflammation pain model Table S shows a groiq[> of genes which exhibit an 
at least 1.4 fold decrease in expression in the inflammation pain model. The data in Tables 1, 3, 
4, and 5 represmt the average hybridization measurements obtained fiom at least two rat gqtie 
diips. 



Genes identified as being differentially expressed based on an at least 1.4 fold change in 
expression were then screened by Northern analysis to ymfy differmtial expression. 
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For each gene suggested to be dififerentially e^qpnessed based on the micioanay data, RT- 
PCR vn& performed on DRG total RN A obtained fix>m the axotomy, SNI and ndve animal 
groins as described above. RT-PQl was perfenned according to techniques known in the art 
The cDNA fragments generated in this manner were subsequently cloned into a PCRII vector 
using the TA cloning kit (Invitrogen). The identity of each fragment was verified by sequencing 
m each direction fix)m tiie T3 and T7 polymerase sites present in the cloning vector. The cDNA 
molecules produced in tins manner were tiien used to produce ^^P-labeled cDNA probes using 
the Prime-It kit from Stratagene. Subsequently, 5 to 1 0 ^g of total RNA isolated from axotomy, 
SNI and naive DRGs were separated on an agarose/formaldehyde gel in IX MOPS buffer. 
Following staining with ethidium bromide and visualization under ultra violet ligjit to determine 
the integrity of flie RNA, tiie KNA is hydrolyz:ed by treatment with 0.05M NaOH/l.SMNaQ 
followed by incubation with 0.5M Tris<;i (jpH 7.4yL5M NaCl. The RNA is transfraed to a 
commercially available nylon or nitrocellulose m^brane (e.g. Hybond-N membrane, 
Amersham, Arlington Heights, EL) by me&ods well known in the art (Ausiibel et al., siq)ra» 
Sambrook et al., siq>m). Following transfer and UV cross linVingj tiie membrane is hybridized 
with a ^-labeled cDNA probe, having a sequence complementary to the mRNA sequences 
identified as beuig differentially expressed by microarray analysis, in hybridization solution (e.g. 
in 50% formamide/2.S% Denhardt's/10a-20Qmg denatured salmon sfpenn DNA/0.1% SDS/SX 
SSPE) overnight at 6S°C. The hybridization conditions can be varied as necessary as described 
in Ausubel et al., supra and Sambrook et aL, supra. Following hybridization^ Ifae membrane is 
washed at room temperature in 2X SSC/0.1% SDS, at ATC in IX SSC/0.1% SDS, at 65*^C in 
0.2X SSCyo.1% SDS, and exposed to fihn overnight with an intensifying screm at -80'' C. The 
stringmcy of the wash bufifers can also be varied depending on the amount of background signal 
(Ausubel et al., siq)ra). The film was subsequ^atly developed and the intensity bands 
corresponding to the radiolabeled probe hybridized to RNA were quantified usmg methods 
known to those of skill in the art, for example, by digitizing the film and analyzing the band 
intensity with a computer software program such as NIH Image (NIH, Bethesda, MD). 

Figure 1 shows an exan^le of Northern data which confirms the differential expression, 
or lack thereof of 22 genes yfibioh. were mitially screened by noicroarray analysis of cRNA 
sanq>les obtained from annuals subjected to tiie axotomy pain model. Table 8 shows the 
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correlation of the datSlbtained from the microairay aiialj^s^orthe^MC genes and feedata. 
obtained by Northern analysis. 



Example 2. Verification bv In situ HybriHi Tatinti 

In addition to verification of differential expression using Nordiem analysis, ttie present 
invention provides that the differential expression of genes in an animal subjected to pain maybe 
confirmed using in situ hybridization. 

In situ hybridization is carried out on fi:esh frozen, S |jm thick sections of the dorsal root 
ganglia &om spinal levels L4-LS obtained fix>m animals subjected to pain, using isotopically- 
labeled probes. Forty-eight base pair oligonucleotide probes are designed to have 50% G-C 
coiitecd: and be complementary to and selective for the desired rnRKA. Probes are 3 '-end labeled 
with or ^-dATP using a temiinal transferase reaction and purified through a spin column. 
Hybridization is carried out such that homologies greater than 90% are required for detection of 
transoipts (Dagerlind et al.» *92 Histochemistry 98:39). Generally, slides are brought to room- 
temperature and covered with a hybridization solution (50% formamide, Ix Dendhardt's 
solution, 1% sarcosjd, 10% d^Oran sulphate, 0.02M phosphate buffer, 4x SSC, 200 nM DTT, 
500 mg/ml sahnon spenn DNA) containing 107 cmp/txH of labeled probe. Slides are incubated 
in a humidified chamber at 43^C for 14-18 hours, then washed 4 x 15min in Ix SSC at 55oC. In 
the final rinse, sUdes are brought to room temperature, washed in dH20, dehydrated in etiianol 
and air dried. 

Autoradiograntis are g^erated by dipping slides in NTB2 nuclear track emulsion and 
storing the dark at 4*^0. Prior to conventional developmg and fixation, sections are allowed to 
expose for 1-12 weeks, depending on the abundance of transcript Unstained tissue is viewed 
under darkfield conditions using a fiber-optic daikfield stage adapter (NfVI), while stained tissue 
is examined under brightfield conditions. Control e3q)eriments are conducted to confirm the 
specificity of the oligonucleotide probes. Sections are hybridized with labeled probe, labeled 
probe witii a 1,000-fold excess of cold probe, or labeled probe witix a 1,000-fold excess of 
another, dissimilar cold probe of the same length and similar G-C content 

The use of serial, thin sections pemiits tiie identification of die same cells in adjacent 
sections, allowmg for comparisons to be made with other markers by in situ hybridization or 
immunohistochemistry. The technique unlike non-isotopic in situ using digoxygenin labeled 
riboprobes is suited to screwing more than detailed anlysis of co-esqnression of multiple markers. 
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Figures 2 and 3 show W results of in situ hybridization verification dHhe differential expression 
of five genes (GTPcyclo, lES-JE, CCHL2A, VGF, SNAP, c-jun, ana i ncAj m me aorsai root 
ganglia of a rat axotomy pain model and a rat spared nerve injury pain model 

Example 3. Verificati nTi nf diffe rential e3cpression bv Real-time PGR 

In addition to verification of differential expression by Northern anal^ or in siiu 
hybridization, tiie differential expiemon of genes in an animal subjected to pain may be verified 
using real-time PGR and TaqMan® probes. The technique of real-time PGR is \vellknoiwn in 
the art (see, for exa^^)le, U.S. Pat Nos. 5,691,146; 5,779,977; 5,866,336; and 5,914;230). 

cDNA samples obtained fiom a rat axotomy pain model were aicqplified using primers 
specific for 19 genes which had previously been examined by xaiaoamy analysis and SYBR 
Green I as the double stranded DNA binding dye. PGR products were generated using an ABI 
7700 sequence detection system (Applied Biosystems, Foster Gity, GA). A comparison of the 
expression level measured by microarray analysis and that obtained by real-tune PGR is shown 
in Table 9. A close correlation can be seen between the differential e^qiression, or lack thereof 
of genes examined by microarmy analysis and using the Tacpnan® technique. 

Example 4. Triphcate Analvsis 

As described above, a polynucleotide sequence is identified as being differentially 
regulated in an animal subjected to pain relative to an animal not subjected to the same pain if 
the sequence is differentially e>q)ressed by at least 1.4 fold, and additionally, if the differential 
expression attains a statistical significance ovct at least three rq)licate screens, in at least on pain 
model, with a p-value of less than 0.05. This example describes how to perform such a statistical 
analysis, using tiie axotomy and SNI pain models. ^^t- 

Surgical procedures. 

Adult male Sprague Dawley rats (200-300g) are anesthetized with halottiane. For the 
sdatic nerve transection (axotomy), the left sciatic nerve is exposed at the mid flbigh level, 
ligated with 3/0 silk and sectioned distally. The wound is sutured in two layers, and the animals 
were allowed to recover. 

Tissue and SNA pr^Ktration. 
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Animals are t^Rmally anesthetized with CO2, the L4 and Lff^BlGs rapidly removed, 
and stored at -SO^'C. Total RNA is extracted from homogenized DRG samples using acid phenol 
e3ctraction (TRIzol reagent, Gibco-BRL). RNA concentration is evaluated by A260 measurement 
and quality assessed by electrophoresis on a 1.5% agarose geL Each RNA sample used for 
hybridization of each array can be extracted, for example, ficom rat L4 and LS DRGs (10 gang^ 
pooled fiom S animals, per sanq)le). 

Microarray Analysis 

Af^etrix rat genome U34A oligonucleotide microanays, representing 8799 known 
transmpts and expressed sequence tags (ESTs), can be used (Af^etrix, Santa Clara, CA). 
Oligonucleotides are arranged in pairs corre^nding to different regions of the target mRNA 
with multiple probe pairs. Each probe pair consists of a 25 nucleotide perfect match (PM) to the 
target region coupled with a 25-mer with a single mismatch (MM) at the 1 3^ nucleotide. 
Transcript abundance is estimated by analysis of signal intensity of the PM/MM pairs. The 
arrays are hybridized with biotin-labeled cRNA, prepared as per standard Afifymetrix protocol. 
Briefly, total RNA (8 ^g) fbom DRGs was reverse transcribed using an oUgo-dT primer coupled 
to a T7 RNA polymerase binding site. Double-stranded cDNA can be made and biotinylated- 
cRNA synthesized using T7 polymerase. The cRNA is then hybridized for about 16 hours to an 
anray, followed by binding with a strq>tavidin-conjugated fluorescent marker, and then incubated 
with a polyclonal anti-streptavidin antibody coiq)led to phycoerythrin as an anq)]ification step. 
Following washing, the chips are scanned with a Hewlett-Packard GeneArray laser scanner and 
data analyzed using GeneChq) software. External standards can be included to control for 
hybridization efi&doicy and sensitivity. 

Hybridization levels for each species of mRNA detected on the arrays are expressed by 
intensity (signal) and as present (P), marginal (M) or absent (A) calls, calculated by AflEymetrix 
software (MAS 5.0, al= 0.04 a2= 0.06). For calculation of signal values, each array is scaled to 
a tar^ signal of 2500 across all probe sets, to allow con^arison between arrays. 

The arrays are groiq)ed for two comparisons: two triplicate sets of naive data compared 
with one another, and one triplicate naive set compared with one triplicate post-axotomy set The 
individual naive arrays included in each triplicate set are picked randomly. A probe set is 
determined imdetected if it received an A call in all of the six arrays involved in the comparison. 
Detected are Present or Marginal by MAS5.0 in at least one array for each analysis. Mean signal 
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and standard deYiatioMb calculated for each detected probe set Th^^value for rejecting the 
null h>pothesis that the mean signals were equal between me two mpucaie seis is caicmaxea 
using an unpaired, two-tailed t-test for independent samples with unequal variance 
(Satterthwaite's method). Fold-differences between the mean signals (A and B) in the two 
triplicate sets is calculated as max(A, B) / min(A, B) with down regulation relative to naiVe 
expressed as negative. 

As noted above, a polynucleotide sequence is considered to be differentially expressed 
according to the present invention if it is differentially e^qpressed by at least 1 .4 fold in an animal 
subjected to pain relative to an animal not subjected to the same pain, and optionally, is also 
statistically significantly differentially expressed with a p-value of less than O.OS across at least 
three rq)licate e3q)ression sateens. 

Example 5. Pain-specific Microarrav Construction 

A microarray according to the inv^tion was constructed as follows. 

cDNA samples obtained fix>m the dorsal root ganglia of either naive animals or animals 
which have been subjected to pain are amplified using primers specific for the genes which have 
been identified as being differentially expressed nsmg the methods described above. PGR 
products (^0 ul) in the same 96-well tubes used for amplification, are precipitated with 4 ul 
(1/10 volume) of 3M sodium acetate (pH 52) and 100 ul (2'S volumes) of ethanol and stored 
overnight at -20''C. They are then centrifiiged at 3^00 rpm at 4''C for 1 hour. The obtained 
pellets wore washed with SO ul ice-cold 70% ethanol and centrifiiged again for 30 minutes. The 
peUets are then air-dried and resuspendedweU in 20ul3XSSCovenught The sanq>les are Ifa^i 
dqK>sited either smgly or in di^licate onto polylysme-coated slides (Sigma Cat No. P042S) 
using a robotic GMS 417 arrayer (Genetic MiooSystems, MA). The boundaries of the DNA 
spots on the microarray are marked with a diamond scribe. The invention provides for arrays 
wherein 10-20,000 PGR products are spotted onto a solid support to prepare an array. 

The arrays are rehydrated by suspending the slides over a dish of warm particle fiee 
ddHaO for ^proximately one minute (the spots will swell slighfly but not run into each other) 
and snap-dried on a 70-80''C inverted heating block for 3 seconds. DNA is tiien UV crosslinked 
to tiie sUde (Stratagene, Stxatalinker, 65 mJ - set display to "650" vdiich is 650 x 100 uJ). The 
arrays are placed in a slide rack. An enq>ty slide chamber is prepared and filled with the 
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metIiyl-2-pyin)lidinoi]P^apid addition of reagent is cruci^)uQ30ie$U||SYj^6§r ^]|istil^Qi)f 
succinic anhydride dissolved, 21 .0 ml of 0.2 M sodium borate is mixed in and the solution is 
poured into the slide chamber. The slide rack is plimged r^idly and evenly in the sUde chamber 
and vigorously shaken up and down for a few seconds, making sure tiie slides never leave the 
solution, and fh^ mixed on an orbital shaker for 15-20 minutes. The slide rack is then gmtly 
plunged m PS^'C ddHaO for 2 minutes, followed by plunging five times in 95% elfaanoL The 
slidesare tiien air dried by aUowing excess ethanol to drip onto p£q>er towels. Iheanaysaie 
then stored in Hbe slide box at room teiiq)erature until use. 

Example 6. Therapeutic Apmt SrreeniTi|^ 

A candidate agent that increases or decreases the expression of a polynucleotide sequence 
tiiat is differentially expressed in the sensory neurons of an animal subjected to pain is sonemed 
according to the following method. 

An animal that has been subj ected to pain is treated witti a candidate agent for varying 
amounts of time. Typically an animal is treated by systanic administration of a candidate agent, 
such as by intravenous administration, on a hourly, daily, or weekly dosing schedule. Following 
administration, the aniioials are killed, and tiie dorsal root ganglia are removed aiKl used to 
prepare cRNA samples as described above. The cRNAsanq>les are then hybridized to a pain- 
spedfic microarray, constmcted according to the method described above. The hybridization of 
the cRNA sanq>les to the microarray can be used to determine the level of expression of the 
genes in the animal siibj ected to pain which correspond to the differentially expressed genes 
comprising the microarray. Thus any changes in the predicted differential e3q)ression of a gene 
in an animal treated with a candidate agent is indicative of that agent being enable of increasing 
or decreasing the ^ression of a gene which is known to be differentially expressed in an animal 
subjected to pain. 

Example?: In vivo protein acti vity screenitipr 

Microarrays canbeused to screen in vivo for genes that are regulated in pain as a result 
of the activity of specific protein signaling molecules. To do this, the changes in gene expression 
produced in the pain models are compared with the changes in gene expression produced in the 
same models when a particular signaling molecule is neutralized or inhibited by preventing its 
synthesis, release, transport, binding to a receptor or activation of a cellular response. Any 
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resultant difiference in pHe expre^ 

molecule. Further confirmation can be produced by the administration of the signaling molecule 
in vivo to see if it induces a change in gene reguladoa 

Such an analysis has beeti performed looking at the contribution of the neurotrophin 
nenre growth &ctor (N CP) to inflammatory pakL Inflammation is known to produce an mcrease 
inNCxF at the site ofthe inflammation and this acts on its Mgh affinity recqpt^^ 
on smsory neurons to change transcrq>tion of NGF-regulated genes in fhe sensory neuron cell 
bodyintheDRG. The pattern of expresston of genes after uiflanmiatim i inrhified in viva hy 
intraplantar CPA (at 3, 1 2 24 hrs and S days) was con^^ared with naive non-inflamed animals to 
detect inflammation-induced genes. This gene expression profile was flien compared with arrays 
produced fix>m RNAfiom inflamed animals treated with a neutralizmgan^ One 
example of a gene that Was upregulated by CPA, but whose level did not increase in CPA 
aniinals treated with antiNGF was the NF-k^aB inhibitor alpha (I kappa B). Ik^aB alpha 
was also upregulated 12 and 24 hrs after intr^lantar NGF injection showing that it is an NGF 
regulated inflammatory-induced gene. 

Afi^etrix accession tfX63S94cd s £ a t X63594cds RRRLIFl ILrattus RL/IF-l mSNA 

CFA NGF CFA + anti-NGF 

Fold Fold FoM 

Ni 

3h -1 
6h 8.5 

12h 2.1 3.5 -1.8 

24h 3.4 1.5 1.4 

2d 1.1 
5d 1.6 

Af^etrix accession numbers #X63594cds g at and X63594cds RRRLIFl refer to sequences 
depicted in Table 2. 



OTBD5R EMBODIMENTS 
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Other embodiments will be^dent to those of skill in the art ft sk&o3A heaWiea^^dJhsL&^ 
foregoing detailed description is provided for clarity only and is merely exemplary. The spirit 
and scope of the present invention are not limited to the above examples, but are encompassed 
by the following claims. 
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CLAIMS 

1. A composition conoprismg two or more isolated polymicleotides, herein each of 
said two or more isolated polyaucleotides is selected 6am the groiqp consisting of: 

(a) a polynucleotide conqirising any of the polyaucleotides specified in Table 1-2 in 
the cohmins designated "rat gene" and "human goie", and wherein at least one of said two or 
moie isolated polynucleotides is unique toTable 2 in the columns desigoated *^ gene'* and 
"human gene"; 

(b) a polynucleotide encoding an amino acid sequence selected fiom the groiq) 
consisting of: 

Q) amino add sequences vMch are homologue to any of flie amino add 
specified in Table 2 in the columns designated "lat protein** and **hmnan protein" by at least the 
homology as specified for flie respective seq[uence in Table 2 in flie column designated 
"^homology" and encodes apolypqitide exhibiting fiie biological fimction as specified for the 
respective sequ^ice in Table 2 ui the column designated "identifier'*; 

(ii) the amino add specified ui Table 2 in the columns designated "rat protein** 
and Ixoman protein"; 

(c) a polynucleotide whidi hybridizes under Mg^ stringency conditions to a 
polynucleotide specified in (a) to (b) and encodes a polypeptide esdubiting the biological 
fimcdon as specified for tbe respective sequence in Table 2 in the oohmm designated "identifiex"; 

(d) a polynucleotide tiie nucldc add sequeace or which deviates fiom the nucldc 
acid sequences ^ecified in (a) to (c) due to the degeneration of the g^etic code and encodes a 
polypeptide ecdiibiting the biological fimction as specified for the respective sequence in Table 2 
in the column designated "identifier**; 

(e) a polymicleotide yMdtx rq)resents a fiagment» derivative or allelic variation of a 
nucldc add sequence specified m (a) to (d) and encodes apolypeptide exhibiting the biological 
fimction as specified for the respective sequence in Table 2 in tiie column designated "identifier". 
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2. A plurality orvectoxs each comprisiiig an isolatqAiijQl^iiplj^Sdfi;^!^ 
of said two or more isolated polynucleotides is selected fix>m the group consisting o£ 

(a) a polynucleotide comprising any of the polynucleotides specified in Table 1 -2 in 
the columns designated "rat gene" and •'human gene", and wherein at least one of said two or 
more isolated polynucleotides is unique to Table 2 in the columns designated '"lat gene** and 
'Imman gene"; 

(b) a polynucleotide encoding an amino acid secjuence selected fiom tbo group 
consisting of: 

(i) amino add sequences which are homologue to any of tiie aminn add 
specified in Table 2 in the colunms designated "rat protem** and "human protdn" by at least the 
homology as specified for the respective sequence in Table 2 in the column designated 
"%homology" and encodes a polypeptide exhibiting the biological fimction as specified for the 
respective sequence in Table 2 in the column designated "identifier"; 

(ii) the amino add specified m Table 2 in the columns designated "rat protdn" 
and "human protein"; 

(c) a polynucleotide which hybridizes under hig^ stiingmcy conditions to a 
polynucleotide specified in (a) to (b) and «codes a polypeptide exhibiting the biological 
fimction as specified for the respective sequence in Table 2 in the column designated "idmtifier"; 

(d) a polynucleotide the nucleic add sequence or which deviates &om the nucleic 
add sequences specified in (a) to (c) due to the degeneration of the g^etic code and ^codes a 
polypeptide exhibiting the biological fimction as specified for tiie respective sequence in Table 2 
in the column designated "identifier"; 

(e) a polynucleotide which represents a fiagment, derivative or allelic variation of a 
nucldc acid sequence specified in (a) to (d) and encodes a polypeptide exhibiting the biological 
fimction as specified for the respective sequence in Table 2 in the column designated "identifier"* 

3. A host cell conotprising the vector of claim 2. 

4. A method for identifying a nucleotide sequence which is differentially regulated 
in an animal subiected to nain. cornnrifHncr 
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1 (a) hybridizing nucleic acid sample coiieq>QndingrtQjSIj[A.i4']@I^ fiom JSsid. 
mimal to a micleic add sao^le conpdsing one or moie nucleic add molecules ot Jmown 
.dentity; 

] 

2 (b) measuring ttie hybridization of said nucleic add sample to said one or more 

I lucldc add molecules of known identit/^ wherein a 1 .4 fold difference in the hybridization of 
j said nucleic acid sample to said one or more nucldc add molecules of known identity relative to 
] 1 nucldc add sanQ>le obtained fix)m an animal which has not been subj^ 

indicative of the difTerential expression of said nucleotide sequence in said animal subjected to 

pain. 

i 

5. A method for identifying a nucleotide sequence which is differentiany regulated 
in an animal subj ected to pain, conq[>rising: 

] (a) hybridizing a nucldc acid sanq»le corresponding to RNA obtained fix>m an animal 

o^ch has been subjected to pain to an array comprising a soUd substrate and a plurality of 
Qucldc add members; 

(b) wherein eadi nucldc add m^ber has a unique position and is stably associated 
with Ihe solid substrate; 

] (c) measuring flie hybridization ofsdd nucldc acid sample to sddarray^wherdn a 

: L4 fold differmce in the hybridization of said nucldc add sample to one or more nucldc add 
i members comprising smdan:ay relative to a nucldc add sample obtained fiom an animdw 

bas not beoi subjected to said pain is indicative of the differential expression of said nucleotide 

sequoce in said animal subjected to pain. 

6. The metiiodofclaim 5, wherem a 2 fold diange in the hybridization of sdd 

: nucldc add sanq>le to one or more nucldc add memb^conqirisingsdd array relative to a 
nucldc add sample obtained fiom an animal which has not been subj ected to sdd pain is 
indicative of the differential expresdon of sdd nucleotide sequence following pain. 

7. A kit for performing any of tiie methods of claim 4 to 5. 



8. An array comprising: 



wo 03/016475 



1000 



PCT/US02ra765 



(a) a plurality of^lyaucleotide mmibers, wherdn saQh.<tE^({jlIiKa^ of 
polynucleotides is selected from the gcoiq> consisting of: 

(i) a polynucleotide comprising any of the polynucleotides specij5ed in Table 
1-2 in the columns designated "rat gene" and "human gene", and wherein at least one of said two 
or more isolated polynucleotides is unique to Table 2 in the colunms designated ^iat gene** and 
^uman gene"; 

(ii) a polynucleotide encoding an amino acid sequence selected fiom the 
groiq) consisting of: 

(1) amino add sequences ^ch are homologue to any of the amino 
acid specified in Table 2 in the colunms designated "rat protein" and "human protein" by at least 
the homology as specified for the respective sequence in Table 2 in flie column designated 
"%homology" and encodes a polypeptide exhibiting the biological function as specified for the 
respective sequence in Table 2 in the column designated "identifier"; 

(2) the amino add specified in Table 2 in the columns Hfigfgnatffd "rat 
protein" and "human protdn"; 

(iii) a polynucleotide which hybridizes under hi^ strin^ncy conditions to a 
polynucleotide specified in (i) to (]£) and encodes a polypeptide exhibiting the biological function 

. as specified for the req>ective sequence in Table 2 in tibie column designated "identifier"; 

(iv) a polynucleotide the nucldc add sequence or which deviates firm the 
nucldc acid sequences specified in (i) to (iii) due to the degeneration of the genetic code and 
encodes a polypeptide exhibiting the biological function as specified fcxr the respective sequence 
in Table 2 in the column designated "identifier"; 

(v) a polynucleotide which represents a fragment, derivative or allelic 
variation of a nucldc add sequence specified in (i) to (iv) and encodes a polypeptide exhibiting 
the biolo^cal flmction as specified for the respective sequence in Table 2 in the column 
designated "identifier"; and 

(b) a solid substrate, wherein eadi polynucleotide member has a unique position on 
said anay and is stably assodated with sdd solid substrata 
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9. A method oi^Bieatifying an agent that increases l^eqreajSf^JfleiiQSHre^^ 
polynucleotide sequence tfiat is differentially Gxpressed in neuronal tissue of a first animal vMdh 
is subjected to pain compising: 

(a) administering said agent to said first animal; 

(b) hybridizing nucleic acid isolated fiom one or more sensory neurons of said first 
and a second animal to the array of claim 8; and 

(c) measuring the hybridization of said nucleic add isolated fiom said nominal tissue 
of said first and second animal to said array; ^erdn an increase in hybridization of said micleic 
acid fix>m said first animal to one or more nucleic add meoibeis of said array relative to 
hybridization of said nucldc add fiom a second animal iwUch is subj ected to pain but to ^ch 
is not adnunistered said agent to one or more nucldc add members of said array identifies said 
agent as increasing the ^ression of said polynucleotide sequence, and wherein a decrease in 
hybridization of said nucldc acid fiom said first animal to one or more nucleic acid members of 
said array relative to the hybridization of said nucldc acid fiom second animal to one or more 
nucleic acid members of said array identifies said agent as decreasing the expression of said 
polynucleotide sequence. 

10. A method for identifying a con:qx>und which regulates the expression of a 
polynucleotide sequence wfaidi is differentially e3q)ress6d in an animal subjected to pain, 
comprising: 

(a) providing a cell conqxrising and capable of expressing one or more of the 
polynucleotide selected &om tiie group consisting o£ 

(i) a polynucleotide conq)rising any of the polynucleotides specified in Table 
1-2 in the colirams designated '"rat gene" and 'liunian gene", and wherein at least one of said two 
or more isolated polynucleotides is unique to Table 2 in tbe columns designated **rs± gene" and 
liuman gene**; 

(ii) a polynucleotide encoding an amino add sequence selected fix)m the 
ffoup consisting of: 

ai 

(1) amino add sequences whidi are homologue to any of the amino 
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Oie homology as specified filTtbe respective sequence in Table 2M>J3^CQlSS&ijdi^&^ 
''%homobgy'* and encodes a polypeptide exhibiting the biological fimction as specified for the 
respective sequence in Table 2 in fhe column designated "identifier*'; 

(2) the amino add specified in Table 2 in fhe columns designated '*rat 
protein*' and "human protein*'; 

(iii) a polynucleotide which hybridizes under hi^ stringency conditions to a 
polynucleotide specified in (a) to (b) and encodes a polypeptide exhibiting the biological 
function as specified for the respective sequence in Table 2 in the column designated "identifier"; 

(iv) a polynucleotide the nucleic add sequence or ^ch deviates fit»n the 
nucldc add sequences specified in (a) to (c) due to the degeneration of the genetic code and 
encodes a polypeptide exhibiting the biological function as specified fixr fhe respective sequence 
in Table 2 in the column designated "identifi^"; 

(v) a polynucleotide wbioh represents a fragment, derivative or allelic 
variation of a nucldc acid sequence specified in (a) to (d) and encodes a polypq>tide exhibiting 
the biological function as spedfied for the respective sequence in Table 2 in fhe column 
designated "idoitifier"; 

(b) contacting said cell with a candidate compound; and 

(c) measuring the expression of said one or more of the polynucleotide spedfied 
siQxra, wherein if fhe expression of said differentially expressed polynucleotide sequence is 
increased in an animal which is subjected to pain, then said candidate modulator will be 
considered to regulate the expression of said polynucleotide if fhe expression of said 
polynucleotide is decreased by at least 10% in fhe presence of said candidate modulator, and 
\fdiQrdn if tiie e?qn:ession of said differentially expressed polynucleotide sequence is decreased in 
an animal subjected to pain, tiien said candidate modulator will be considered to regulate fhe 
expression of said polynucleotide if fhe expression of said polynucleotide is incr 

10% in fhe presence of said candidate modulator. 

11. A method for identifying a conapound which can regulate the activity of one or 
more of the polypeptides shown in Table 1 or 2, conqnising: 
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(a) providing a JSDl compiismg said one or more polmratiae&miiGQ^a»»eDco^ 
a polynucleotide selected fiom the group consisting of: 

(i) a polynucleotide conaprising any of the polynucleotides specified in Table 
1-2 in the columns designated "rat gene" and 'Tiuman gene", and wherein at least one of said two 
or more isolated polynucleotides is unique to Table 2 in the columns designated gene" and 
'Innnan gene"; 

(ii) a polynucleotide encoding an amino acid sequence selected fiom the 
groiQ) consisting of: 

(1) amino add sequences which are homologue to any of flie amino 
acid specified in Table 2 in the columns designated "^rat protein" and "human protem" by at least 
the homology as specified for the respective sequence in Table 2 in the column designated 
"%homology" and encodes a polypeptide exhibiting the biological fimction as specified for the 
respective sequence in Table 2 la the column designated "identifier"; 

(2) file amino acid specified in Table 2 in the columns designated "rat 
protein" and "human protein"; 

(iii) a polynucleotide which hybridizes under high stringency conditions to a 
polynucleotide specified in (a) to (b) and encodes a polypeptide exhibiting Ihe biological 
fimction as specified for the respective sequence in Table 2 in tiie column designated "identifier"; 

(iv) a polynucleotide the nucleic acid sequence or which deviates jfirom the 
nucleic acid sequences specified iu (a) to (c) due to the degeneration of the genetic code and 
encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 2 in the column designated "identifier"; 

a polynucleotide which represents a fi:agment» derivative or allelic variation of a nucleic acid 
sequence specified in (a) to (d) and encodes a polypq)tide exhibiting the biological function as 
specified for the respective sequence in Table 2 in the column designated "identifier"; 

(b) contacting said cell with a candidate compound; and 

s (c) measuring the activity of said one or more polypeptides, whereiD an increase or 
decrease of the activity of said one or more polypeptides of at least 10% relative to the activity of 
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compound, identifies said (^Elidate compound as a crnnpnimH p[lp^?ly^£pgtg|^^ 
said one or more polypqitides. 

12. A method for producing a phamiaceutical fomoiulation comprising: 

(a) providing a cell comprising said one or more polypeptides encoded by a 
polynucleotide selected fiom fiie groiq> consisting o£ 

(i) a polynucleotide conq)rising any of tfaie polynucleotides specified in Table 
1-2 in die columns designated "rat gene" and "human gene", and wherein at least one of said two 
or more isolated polynucleotides is unique to Table 2 in the columns designated ^ gane" and 
"human gpne**; 

(ii) a polynucleotide encoding an amino add sequence selected fiom the 
group consisting oC 

(1) amino add sequences which are homologue to any of the amino 
add specified in Table 2 in the columns designated "rat protein" and "human protein" by at least 
the homology as specified for the respective sequence in Table 2 in the column designated 
"%homology" and encodes a polypeptide exhibiting the biological fimction as specified for the 
respective sequence in Table 2 in the column designated "identifier"; 

(2) the amino add specified in Table 2 in the columns designated "rat 
protein" and "human protein"; 

(iii) a polynucleotide which hybridizes under high stringency conditions to a 
polynucleotide specified in (a) to (b) and mcodes a polypeptide exhibiting tiie biological 
fimction as specified for the respective sequence in Table 2 in the column designated "idmtifier"; 

(iv) a polynucleotide the nucldc add sequence or which deviates fiom tiie 
nucldc add sequences specified in (a) to (c) due to tiie deg^eration of the genetic code and 
encodes a polypeptide e3diibiting tiie biological fimction as specified for the respective sequence 
in Table 2 in the column designated "identifier"; 

(v) a polynucleotide which represents a fragment, derivative or allehc 
variation of a nucldc acid sequence specified in (a) to (d) and encodes a polypq>tide exhibiting 
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the biological function as spSGfied for the respective sequence iti Table 2 iSTbeixihimn. 
designated "identifier"; 

(b) selecting a compound which regulates the activity of said one or more 
polypq>tides; and 

(c) mixing said compound with a carrier. 

13. The method of claim 12, wherein said step of selecting conqirises the steps of 

(a) contacting said cell with a candidate compound; and 

(b) measuring tiie activity of said one or more polypeptides, wherdn an increase or 
decrease of flie activity of said one or more polypeptides of at least 10% relative to the activity of 
said one or more polypeptides in said cell, \^erein the cell is not contacted with the candidate 
conopound, identifies said candidate compound as a compoimd which regulates the activity of 
said one or more polypeptides 

14. A method for identifying a compound which can regulate the activity, in an 
animal, of one or more of the polypeptides shown in Table 2, comprising: 

(a) administering a candidate con^und to an animal comprising said one or more 
polypqytides, or a unique fiagment tfaerefixxm eodubiting the activity of....; and 

(b) measuring the activity of said one or more polypq)tides wherein an increase or 
decrease of the activity of said polypeptide of at least 10% relative to the activity of said one or 
more polypeptides in an animal to which the candidate compound is not administered, identifies 
said can di date compound as a confound which regulates the activity of said one or more 
polypq>tides. 

15. A method for identifying a small molecule which regulates the activity of one or 
more of the polypeptides indicated in Table 2, comprising: 

(a) providing a cell conxprismg said one or more polypeptides encoded by a 
polynucleotide selected fiom the group consisting of: 

(i) a polynucleotide conq>iising any of the polynucleotides specified in Table 
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or moie isolated polynucledBDes is unique to Table 2 in the coh«pnS '4es>eppi§j4'^ esm^ &bA 
'liuman gene''; 

(ii) a polynucleotide encoding an annuo acid sequence selected &om the 
groiQ) consisting of: 

(1) amino add sequmces wtddx are homologue to any of the amino 
add specified in Table 2 in Ihe columns designated "rat protein" and "human protein" by at least 
flie homology as specified for the respective sequence in Table 2 in the cohmm designated 
"%homology" and encodes a polypeptide exhibiting the biological function as specified for the 
respective sequence in Table 2 in the column designated "identifier"; 

(2) flie amino add specified in Table 2 in ttie columns designated "rat 
protem" and "hmnan protein"; 

(iiO a polynucleotide whidi hybridizes under hi^ stringency conditions to a 
polynucleotide specified in (a) to (b) and encodes a polypeptide exhibiting the biological 
fimction as specified for the respective sequence in Table 2 in the column designated "identifier"; 

(iv) a polynucleotide the nucleic acid sequence or which deviates fit)m the 
nucleic acid sequences specified in (a) to (c) due to the degeneration of the genetic code and 
encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 2 in the column designated "identifier"; 

(v) a polynucleotide which represents a fragment, derivative or allelic 
variation of a nucleic acid sequence specified in (a) to (d) and encodes a polypeptide exhibiting 
the biological fimction as specified for the respective sequence in Table 2 in the cohmm 
designated "identifier"; 

(b) generating a small molecule library; 

(c) providing a candidate small molecule, selected fix>m said library; 

(d) contacting said cell with said candidate small molecule; and 



Si (e) measuring the activity ofsaid one or more polypq)tides, wherein an increase or 
decrease of tiie activity of said one or more polypeptides of at least 10% relative to the activity of 
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small molecule, identifies ^! candidate small molecule as a srpM moi ftriflsWiinVi Tfi pnintftfl 
activity of said one or more polypeptides. 

16. The method of claim 1 5, wherdn said small molecule library comprises 
components selected fiom flie groiq) consisting of heterocyclics, aromadcs, alicyclics, aliphatics, 
steroids, antibiotics, enzyme inhibitors, ligands, hormones, alkaloids, opioids, teipenes, 
poiphyrins, toxins, and catalysts, and combinations thereof 

17. A meQiod for identifying a compound useful in the treatment of pain, comprising: 

(a) providing a host cell comprising a vector comprising one or more of the 
polynucleotides selected firan the group consisting of: 

(i) a polynucleotide comprisiiig any ofthe polynucleotides q^edfied in Table 
1 -2 in the columns designated "rat gene" and "human gene", and wherein at least one of said two 
or more isolated polynucleotides is unique to Table 2 in the columns designated gene** and 
'liuman gene"; 

(ii) a polynucleotide encoding an amino add sequence selected fiom the 
group consisting of: 

(1) amino add sequences which are homologue to any of the amino 
arid specified in Table 2 in the colimms designated "rat protein" and 'Thuman protein" by at least 
the homology as specified for the respective sequence in Table 2 in the column designated 
"%homology" and encodes a polypeptide exhibiting the biological fimction as specified for the 
respective sequence in Table 2 in the column designated "identifier**; 

(2) the amino add specified in Table 2 in file cotunmsdesigaated "rat 
protdn" and ^liuman protdn"; 

Qn) a polynucleotide which hybridizes under hig^ stting^cy conditions to a 
polynucleotide specified in (a) to (b) and encodes a polypeptide edubiting the biolo^cal 
function as specified for the respective sequence in Table 2 in the column designated "idmtifier"; 

(iv) a polynucleotide file nucldc add sequence or which deviates fitmi the 
nucldc add sequences specified in (a) to (c) due to the degeneration of the g^etic code and 
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encodes a polypeptide exhiMIhg the biological function as specified JEar tuenossoective seauenca. 
in Table 2 in the colinnn designated "identifier"; 

(v) a polynucleotide which represents a fragment, derivative or alleUc 
variation of a nucleic acid sequence specified in (a) to (d) and encodes a polypeptide exhibiting 
the biological function as specified for the respective sequence in Table 2 in the column 
designated "identifier**; 

(b) maintaining said host cell under conditions which permit the expression of said 
one or more polynucleotides; 

(c) selecting a canq)ound MAdch regulates flie activity of a polypeptide encoded by 
said one or more polynucleotides; 

(d) administering said conq>ound to an animal subjected to pain; and 

(e) measuring the level of pain in said animal, wherein a decrease in the level of pain 
in said animal of at least 10%, identifies said conq>ound as being useful for treating pain. 

18. The method of claim 17, wherein said step of selecting includes the steps of 

(a) contacting said cell with a candidate comgpound; and 

(b) measuring the activity of the polypq)tide encoded by said one or more 
polynucleotides, ^erem an increase or decrease of the activity of said polypeptide of at least 
10% relative to the activity of said polypeptide in said cell, wherein the cell is not contacted with 
the candidate confound, identifies said candidate con^und as a compound which regulates the 
activity of said polypeptide. 

1 9. The use of a compound identifiable by any of the methods of claim 9 to 17 in the 
preparation of a medicammt for the treatment of pain in an animal. 

20. Theuseof: 

(a) a polynucleotide selected from the groiq) consisting of: 

(i) a polynucleotide comprising any of tbe polynucleotides specified in Table 
1-2 m the columns designated **rat gene" and **human gene", and wherein at least one of said two 
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oi moie isolated polynucletfBQes is unique to Table 2 in the col^qmis 4^^8I^SSe4rkCat gpn4*!liui4 
"human gene**; 

(ii) a polynucleotide encoding an amino acid sequence selected fbom the 
group consisting of: 

(1) ansino add sequences which are homologue to any of flie amino 
acid specified in Table 2 in the columns designated "lat protein" and "human protem" by at least 
the homology as specified for the respective sequence in Table 2 in the column designated 
"%homology" and encodes a polypeptide exhibiting tiie biological function as specified for the 
resfpective sequence in Table 2 in tiie column designated "identifier"; 

(2) the amino add specified in Table 2 in the columns designated "rat 
protein" and "human protdn"; 

(iii) a polynucleotide which hybridizes under hi^ stringency conditions to a 
polynucleotide specified in (a) to (b) and encodes apolypq)tide exhibiting the biological 
fimction as spedfied fiir the respective sequence in Table 2 in the column designated "identifier"; 

(iv) a polynucleotide the nucleic acid sequence or which deviates firom the 
nucldc acid sequences specified in (a) to (c) due to the degeneration of the genetic code and 
encodes a polypq)tide exhibiting the biological function as spedfied for the respective sequence 
in Table 2 in the column designated "idmtifier"; 

(v) a polynucleotide which represents a fi:agment, derivative or allelic 
variation of a nucldc add sequence specified in (a) to (d) and encodes a polypq)tide exhibiting 
the biological function as specified for the respective sequence in Table 2 in the colunon 
designated "identifier"; 

(vi) a polypeptide encoded by any of tiie polynucleotides specified in (i) to (v); 

in the prq>aration of a medicament for the treatment of pain in an animal. 

2 1 . The use of a compound which can modulate the activity of a polypq)tide which is 
encoded by a polynucleotide selected fix)m the gmup consisting of: 

ti 

(a) a polynucleotide comprising any of the polynucleotides spedfied in Table 1-2 in 
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Enore isolated polynucleoticfflris unique to Table 2 in &e columns ^^S^^i^llh^e^^ sad 
''liuman grae"; 

(b) a polynucleotide encoding an amino acid sequence selected fiom ttie group 
consisting of: 

(i) amino acid sequences which are bomologue to any of the amino acid 
specified in Table 2 in the columns designated "rat protein** and "human protein" by at least the 
homology as specified for the respective sequence in Table 2 in the column designated 
"%homology" and encodes a polypeptide exhibiting the biological fimction as specified for the 
respective sequence m Table 2 in tiie column designated "identifier"; 

(ii) ifae amino add specified in Table 2 in flie cofamms designated "rat protein'* 
and "human protein*'; 

(c) a polynucleotide which hybridizes under M0i stringency conditions to a 
polynucleotide specified m (a) to (b) and encodes a polypeptide exhibiting the biological 
fimction as specified for the respective sequence in Table 2 in the column designated **identifier"; 

(d) a polynucleotide the nucleic acid sequence or which deviates Scorn the nucleic 
acid sequences specified in (a) to (c) due to the degeneration of the genetic code and encodes a 
polypq)tide exhibiting the biological fimction as specified for the respective sequence in Table 2 
in the column designated "identifier"; 

(e) a polynucleotide which represents a fragment, derivative or allelic variation of a 
nucleic acid sequence specified in (a) to (d) and encodes a polypeptide exhibiting the biological 
fimction as specified for the respective sequence in Table 2 in the column designated "identifier"; 

in the preparation of a medicament fi>r the treatment of pain in an animal. 

22. A pharmaceutical formulation comprising one or more polypeptides mcoded by a 
polynucleotide selected fiom the groiq> consisting of: 

(a) a polynucleotide cotqprising any of the polynucleotides specified in Table 1 -2 in 
' the columns designated "rat gene" and "human gene", and wherein at least one of said two or 
more isolated polynucleotides is unique to Table 2 in the columns designated '"rat gene" and 
'Tiuman gene"; 
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(b) a polynucledBDe encoding an amino add sequeog^^Ioe^iqr WPrin&RraQn 
consisting of: 

(i) amino acid sequences wliich are homologue to any of the amino acid 
specified in Table 2 in the columns designated "rat protein" and "human protein" by at least flie 
homology as specified for the respective sequence in Table 2 in the column designated 
"%homolo£y and encodes a polypeptide exhibiting flie biological fimction as sfpecified for the 
respective sequence in Table 2 in flie column designated "identifier"; 

(ii) the amino acid specified in Table 2 in the columns designated "rat piotein" 
and "human protein"; 

(c) a polynucleotide ^Mdk hybridizes under high stringency conditions to a 
polynucleotide specified in (a) to (b) and encodes a polypeptide exhibiting the biological 
fimction as specified fi)r tiie respective sequmce in Table 2 in tiie column designated "identifier"; 

(d) a polynucleotide the nucldc acid sequence or whidid&viatesfixmith^ 

: acid sequences specified in (a) to (c) due to the degeneration of the genetic code and encodes a 
polypq>tide exhibiting tiie biological fimction as specified for the respective sequence in Table 2 
in file column designated "identifier^; 

3 

(e) a polynucleotide \^ch represents a firagment, derivative or allelic variation of a 
nucleic add sequmce specified in (a) to (d) and encodes a polypeptide exhibiting the biological 
fimction as specified for Ifae respective sequence in Table 2 in tiie column designated "identifier"; 

i and a carrier. 

< 23. A pharmaceutical formulation comprising one or more antibodies which bind to 

3ne or more of tiie polypeptides encoded by a polynucleotide selected fiom the groiq> consisting 
Df: 

1 

1 (a) a polynucleotide con^rising any of tiie polynucleotides specified in Table 1-2 in 

* !he columns designated **rat gene" and "human gene", and herein at least one of said two or 

nore isolated polynucleotides is unique to Table 2 in the columns designated *^ gene** and 

liuman gene"; 

cc 

(b) a polynucleotide encoding an amino add sequence selected fiiom the group 
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(i) amiiflRcid sequences which are homologiiQ.toj»y I^O'l^'^^PP^ aHi 
spedfied in Table 2 in the columns designated "rat protein'* and "human protein" by at least the 
homology as specified for Uxo respective sequence in Table 2 in the column designated 
"%homology" and encodes a polypqitide exhibiting flie biological fimction as specified for the 
respective sequence in Table 2 in the column designated "idratifier"; 

(ii) the amino acid specified in Table 2 in the columns designated "rat protein" 
and "human protein"; 

(c) a polynucleotide which hybridizes under higji stringency conditions to a 
polynucleotide specified in (a) to (b) and encodes a polypeptide exhibiting the biological 
fimction as specified for the respective sequence in Table 2 in the colrann designated "identifier"; 

(<0 a polynucleotide the nucleic acid sequence or which deviates 6xm the nucleic 
add sequences qiecified in (a) to (c) due to flie degeneration of ttie genetic code and encodes a 
polypeptide exhibiting flie biological fimction as specified for the respective sequence in Table 2 
in tiie column designated "identifier"; 

(e) a polynucleotide which represmts a fiagment, daivative at allelic variation of a 
nucleic add sequence specified in (a) to (cO and encodes apolypeptide exhibiting flie biological 
fimction as specified for flie respective sequence in Table 2 in flie cohmm designated "identifier"; 

and a carrier. 
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Figure 1 
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